
10 



15 




20 



25 



30 



35 



8 -FRUCTOFURANOS1DASE AND ITS GENE, METHOD OF 
fsO^NG B -FRUCTOFURANOSIDASE GENE, SYSTEM FOR 
PRODUCING B -FRUCTOFURANOSIDASE, AND 

3 -FRUCTOFURANOSIDASE VARIANT 

Pfyfrp pYiinrf "f th" Invention 
Fj»iH nfrhe Invention *: 

The present invention relates to a 0 -fructofuranosidase gene, a 
process for isolating the gene, and a system for Pacing a 
8 -fructofuranosidase. More particularly, the present invention 
relates to a novel B -fructofuranosidase, a DNA encoding it, and a 
process for isolating a DNA encoding fi -fructofuranosidase; a novel 
Lid fungus having no B -fructofuranosidase and a P™ J£ 
producing a recombinant 0 -fructofuranosidase usmg the mold 
Lgus as a host; and a B -fructofuranosidase vanant which 
selectively and efficiently produces a specific fructooligosacchande 

■ ^T^^^^o^afructooligosaccharide is the same 
as that of sucrose, except that the fructose half of a 
^oligosaccharide is coupled with another one to three fructose 
molecules at positions d and C2 va a B 
FructooUgosaccharides are indigestible sugars known for the* 
pnysiolojca. advantages, such as the facUitation of B.fid°bactenal 
growth in the intestines, metaboUc stimulation for cholesterols and 

other lipids, and little cariosity. 

FructooUgosaccharides are found in plants, such as asparagus 
^ Jerusalem-artichoke and hdney. They are also synthesized 
from sucrose by the newly industrialized mass production technique 
using fructosyltransfer reaction which is catalyzed by a 
B -fructofuranosidase denied from a microorganism However as 
0 -fructofuranosidase pr/arations which are currently used for the 
tadustrial production/of fructooUgosaccharides is a cell-bound 
0 fructof urLosidas/derived from Aspergillus niger, they contain a 
relatively large proportion of proteins as impurities. Therefore a 
need stii exists Za high-purity B -fructofuranosidase preparation 
with little urXted proteins and a high titer. Further, an 



extracellular 0 -fructofuranosidase £ desired in an attempt to 
improve efficiently by using it in a/W form, as an extracellularly 
available enzyme is more suitable/for fixation. 

Genes encoding 0 -fructofuranosidase have been isolated from 
5 bacteria (Fouet, A., Gene, 45, 221-225 (1986), Martin, I. et al., Mol. 
Gen Genet., 208, 177-184 (1987), Steininctz, M. et al., Mol. Gen. 
Genet 191 138-144 (1983), Scholle, R. et al., Gene, 80, 49-56 (1989), 
Aslanidis, C. et al., J. Bacteriol., 171, 6753-6763 (1989), Sato, Y. and 
Kuramitsu, H. K., Infect. Immun., 56, 1956-1960 (1989), 
10 Gunasekaran, P. et al., J. Bacteriol., 172, 6727-6735 (1990)); yeast 
(Taussing, R, and M. Carlson, Nucleic Acids Res., 11, 1943-1954 
(1983) Laloux, O. et al., FEBS Lett., 289, 64-68 (1991); mold (Boddy, 
L M et al., Curr, Genet., 24, 60-66 (1993); and plants (Arai, M. et al., 
Plant Cell Physiol., 33, 245-252 (1992), Unger, C. et al. Plant Physiol., 
15 104 1351-1357 (1994), Elliott, K. et al., Plant Mol. Biol., 21, 515-524 
(1993), Sturm, A. and Chrispeels, M. J., Plant Cell, 2, 1107-1119 
(1990)). However, to the best knowledge of the inventors, no gene 
has been found which encodes a 0 -fructofuranosidase having 
transferase activity and is usable for the industrial production of 
20 fructooligosaccharides. 

If a 0 -fructofuranosidase gene usable for the industrial 
production of fructooligo saccharides is obtained, other functionally 
similar genes may be isolated, making use of their homology to the 
former To the best knowledge of the inventors, no case has been 
25 reported on the screening of a new 0 -fructofuranosidase gene using 
this technique. A process for isolating a 0 -fructofuranosidase gene 
by this approach may also be applied to the screening of 
0 -fructofuranosidase enzyme to achieve significantly less effort and 
time than in conventional processes: first, using a 
30 0 -fructofuranosidase gene as a probe, a similar 
0 -fructofuranosidase gene is isolated, making use of its homology to 
the former; then, the isolated gene is introduced and expressed m a 
host which does not metabolize sucrose, such as Trichoderma vmde, 
or a mutant yeast which lacks sucrose metabolizing capability (Oda, Y. 
35 and Ouchi, K., Appl. Environ. Microbiol., 1989, 55, 1742-1747); a 
homogeneous preparation of 0 -fructofuranosidase is thus obtained 
as a genetic product with significantly less effort and time of screening. 
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T the resultant 0 -fructofuranosidase exhibits desirable 
Furthermore, if the resultant p introduced in a safe and 

0 -fructofuranosidase. „,, =v ,,. n .fructofuranosidase, 

in addition, for producmg such desirable 0 *™ 

6.^-^^^^^^^^ a host 
metaboUze sucrose^ i woul/result in 

which intr.ns.caUy has 5 ^^^^e of toe host and 
a mixture of the endogenous 0 f ™ cto1 ^ duced ene . m this 
3 -fructofuranosidase denved £££££ from toe 

case , to take advantage of toe Mruc ^ ^ 

introduced gene, it must oe .. Q n the contrary, 

3-fructofuranosidaseof^ 

eliminate the need ior ci y Arable characteristics 

resultant unpurified enzyme ^^^ ^troduced gene, 
of toe 0 -fructofuranos.dase demed Jf" do not have 

Known examples of — T ^derma strains and 
fi -fructofuranosidase activity include the Tncho ^™ y lbid) 
, iast mutants lacking sucrose —li^gcapab^ pda^ J 

as described above. »^J™tZl^L«y, a better 
3 -fructofuranosidase wdl be applied I m ^ 
candidate for a host would be a ^ 

industrial production of fructooUgo^cchand. : . ™* * ^ 
enabie the —^L— 

are the same as that ol sucro*, ^ resoectively. It has 

35 coupled with one and two molecules^ fructose .spec ^ 
been found recently that the* high ^pun* J ^ ^ 

desirable characteristics both m physical p 
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advantages 

offmctooUgosaccnar-^-r publicano n No. 

=e- *ey are fructooUgosaccharide 

preparations having new some of inventors hay* 
-_jn consideration of the abo ^ fo6 m 

^sed an industrial process ^°* U ™%£ 82/19 96, Japanese 
- Mananese Patent Application no. „ atpnt ApB &;ation 

sucrose (Japanese Japanese Patent W 

Patent AppUcation No. 77534/ 1W , s> z fl 

No . 77539/1996). ACC ° r ^ cto l ttans ferase act™4 is first 

tru ctofuranosidase harbonng ^ T t 

aHowed to act on sucrose to prod ^ ^ r Wgher by 

,-kestose is fractionated to a p y ^/fraction as a 

chromatographic separation; ^ ™ a purity of 95% 

e^staffizing sample, crystal 1-tastos 7^ ctosy l,ran S ferase 

orhigher. The 3 -tructofuranosi du se har * from 

ZJ V in this process ^^f^Zroduct nystose, W hich 
^croteataraghyieldwhaen^-gthgP ^ ^ h ic 

dibits the reactions in to abov d£llved from 

separation and ^"^"^Xused for the industrial 

Aspergfflus niger, f' ch J^3lres, the 1-kestose yield from 
production of fmctooUgosacchande^ror ^ nystose 

sucrose is approximately 4 V;™^ 1996 ). These figures 
(Japanese Patent Application/*- 646 ^ ^ of the 
Uest that the enzyme W^^J M a next step, new 
industrial production of ^ 1 dcs were successfuUy 

crimes having more f"> ra " ^ Sco pulariopsis brevicaulis. 
sc^ed from Penicilli^ roqueforii arid P ^ ^ ^ 
These enzymes wer^ able to turn ( j apa nese Patent 

J-kestose, respectively, and 7/. Patent Application No. 

Application No. j/534/1996, ^ the new enzymes 

T 5 39/ 1996,,/ltoough these ^figure * ^ for higher 

W eresu P erioXu,eer^edenved ^ ^ 
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a for iCe industrial production of 
which is currently ^^/^ while achieving a 
fructooUgosaccharide rior to that of the 

n^ctoti -d Scopulariops. 

enzymes denved from rer^ 



brevicaulis. 
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, ^tT^w^uccessfuUy isolated a novel 
The inventors have no J ss for isolating 

^fructofuranosidase gene, and developed p 

other Mr—— a novel mold 

The inventors and developed a 

fungus havmg no ^ fm ^T. 3 . fruct ofuranosidase using the 

system for producmg a recombinant p 

mold fungus as a host. characteristics of 

0 -fructofurano S1 dasewithfructosy sMly produc ed a 

its amino acid sequence and h Uvel ^ efficiently 

8 -fructofuranosidase vanant wruch se, cc* y from 
produces a specific fructoobgosacchande such 

sucrose. i<s based on these findings. 

The present mvenbon * ^ ed favention provid es a novel 
Thus, the first aspect of toe P' e ^ sidase encoded by 

g .fructofuranosidase gene and a 0 fructowr 

*• "The second aspect of the present inve n«on providesa ^ . 

for isolating a 3 ^ss Eording to the second 

(i .fructofuranosidase gene, in y prov ides a novel 

aspect of the present invention also p 
0 -fructofuranosidase. ore sent invention provides a 

In-Mi^^^^^^.^ activity and a 
novel mold fungus havmg n ° /^g^^osidase using toe 
system for producing a recombmant f) fructo 

mold fungus as a host. „ r esent invention provides a 

Further, the fourth aspect of toe pr« ^ ^ 

8 -fructofuranosidase variant ■ ^tose from 

produces a specific fructooligosacchande such 
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The fructofuranosidase "^^J^T^lt 
present invention has the ammo actd sequence 
showninme se^Us^ £ to ^ 

« P^ent invent encodes *e amino acid sequence 

Further, the process for so atmga P ^ & 

according to the second aspect of the its homology 
forisotetinga (3 -fructofuranos.dase of ^ nucIeotid e 

^■^i^s^^^ been 

isolated in the process accordmg to the second J> of SEQ 

l^T^^rr^ir--- « a homologue 

^furthermore, the mo ld fungus accord,^ ^pect of 
^ present invenhon » a moid^ W ^ ^ 

„ -fructofurano-dase by ^ DNA of the original 

, 0 -fructofuranosidase gene on the cnrom 

Aspergillus mold fungus. according to the fourth 

The 0 -fructofuranosidase vanant accoro^ng 

aspect of the present inventK,n - — ^ Ration in the 
with fructosyltransferase acuity <M***iJ ^ 
5 original 0 -fructofuranosidase hereof, ^ * ^ fa Qf 

anin^^b^^^^^,,. of , ^ amino acid 
a„ addition to e„her or both ^ ^ ^ comp osi«ion 

sequence of the ongmal (3 -fmctoluran _ as a 

of the ^oligosaccharide nuxture produced « 

^p^ytheor^a, ^-fructofuranosidase. 
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Figure 1 shows expression vector has 
0 -fructofuranosidase gene accordmg to the present 
been introduced. 
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Figure 2 shows expression vector pPRSOl-Hyg in which a 
0-fructo^ranosidase gene isolated to the process according to the 

„.^„r the oresent invention has been introduced. 
SC ^f 3 ^tnction map of a DNA fragment compristog 
the nXene which has been derived from the AspergJlus niger 

NRRL4337. amoo^ 
Figure 4 shows the construction of plasmid pAN203. 
Figure 5 shows the construction of plasmid P AN572. 
Figure 6 is the restriction map of plasmid pAN120 
Fifrure 7 shows the construction of plasmid pY2831. 
X£ 8 shows the construction of plasmid pYSUC (F170W). 
Figure 9 shows the construction of plasmid pAN531. 

DslaileiLDfiSc^^ 

S3^gus AspergOlus niger NIMoOS h a ? g no 

fi.fructofuranosidase according to fee present invention has been 
0 fructolur te ^ Blosaence 

H~TechnoC Ministry of mtemational Trade and Wu*y of 
™ H Tgli 1- Tsukuba Ci*. IbaraJd Pref., Japan, as of March 
6 1997 under Accession No. FERM-BP5853. 
6 ' i^ructofurffi^^ 

pr ese nt invent i on & present 

The polypeptide accordmg to the first aspect o P 

shown in in h enzymatic activity as 

T^ZJZJ*^:^ according to ? pre- 
Lention involves a homologue of the amino acid -^""f*!^ 
, No 1 as shown in the sequence listing. The term "homologue refers 
J an amino acid sequence in which one or Z 
Inserted, substituted or deleted to, or added to e*her 
terminals of, the amino acid sequence of SEQ ID wo. , wi b 
fiTruTofuranosidase activity. Such a homologue can be selected 
, 5 an^roduced by those sWlled in the art without undue expenments 
bv referring to the sequence of SEQ ID No. 1 . 

by refernng^ having toe ^ acid sequence of 
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, , v, « hieh fructosyltransferase activity and efficiently 
SEQIDNo. Ihasahighfructosy a sucroS e 

produces 

solution at a concentration oi iu w 

for reaction, the ^^f^^ ol more changed to 
high er than hydrolytic activity, with 50 /o or mo 

fructooligosaccharides. nc :^^ aC cordineto_JheJirst 

Gene_encodin S __^ 

shown in the sequence listing. encodes the amino acid 

Generally a nucleotide sequence which encodes in 

sequent ^ven protein ^ ^ ~ n "e 

1— r^-=r^ d sequence 0t SEQ 

IDNO 'm a-*- above *he present — 

homolo^e of toe amino f^f^ Solves a 

the DNA fragment according to the present 

^deotide seance which encodes such * tQ 

r^thep— r --^trci -~ 

This sequence can be alec „ ATCCa06U) . 
^^ocXeTineL en^ - specie 
^cetfs described in more details later in Example A. 
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^smsa^MSB^s^^^ first aspect of the 

^^^^ol^srdase accordmg th ^ ^ 

P-nt — - - produce ^ ^ mo. 

transformed by a DNA iragn _ fruc tofuranosidase 
specify, a DNA ^"^t^elnisin^oducedina 

«*^t»^f*"f^^K^«W* is replicatable in the 
host ceU in the form of a DNA ^mole „ passion 

host ceU and can express the above gene, p ^ 
vector, in order to transform the host 

transformant is cultivated. „, ov ides a DNA molecule 

Therefore, the present mvenhon prov.de 

which comprises a gene enco "6 expression vector. 

j The vector applicable in the P rese ™ considering 

the type of the host cell used **™ ^ may be us ed for E. 

— * e tt^lt mX gene complementing an 
drug-res.stance marker _ o genes mdude 

auxotrophic mutauon. Prefe ^ X ^_ resis tance gene, and 
30 ampicfflin-resistance gene, kanamy^^ ^ ^ ^ 
tetracycline-resistance gene orot idine-5'- 
phosphoribosyD-anthramlate ««**™J 1 g . isoprop ylmalate 
phosphate decarboxylase^ gene £RA ^ ^^^.e 
dehydrogenase gene fLEUz) lor y reductase 
35 gene (hph), bialophos-resistance gene par), an 

gene (niaD) for mold. molecule for use as an 

It is also preferable that me v 
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,.•„« to the present invention contain 
expression vector accordrng to , ta sion ot the 
nucleotide sequences ^^J^^o, and translation 
M ructofuranosidase gene, ^'^ ^^ initiation signal, a 

ribosome binding site, 

transcription termination ^ d fa addi tion to the 

Examples of preferred P"™^"?™^ to function in the 

promoter on the ^^^^U and *yptophan 
host, promoters such as moseoHactose p ^ ^ 

operon (trp, for E. c* gene (PHO). galactose 

dehydrogenase gene (ADH , acid p P rfdehyd e-3-phosphate 

regulated gene <P*U £rs such „ those of 

dehydrogenase gene <^^ bto ^ drttase 1 gene (CBH1) for mold, 
a-amylase gene (amy) and « Uo ° ony t or mo ld, it is also 

When toe host cell is Bacillus tQ exfraceU ularly 

advantageous to use a secretin ^ hQst 
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latCT - . novel recombinant enzyme produced * *lZTZ 
deseed above is ^^J^SE^S^ obtain 
cell described above is ^^^esultant culture, using a 
the supernatant or ceU bod.es ^ bodies shou ld be 

known technique such as then homogenized by 

further suspended to a suttablebufe -lu .^^ fey 

freeze-and-thaw, ultrasomc treata™ conta rning 
centrifugation or filtration to separate a cell b 

the novel recombinant enzyme^ combining the standard 

The enzyme can be punfied y of sucn 

techniques for separahon and P t> which r ely on 

techniques include processes such^he ^ „ ^ 

the difference in thermal resistance p ^ence 
^dimentation and solvent ^trSltrauon and gel 

- — is - which rely on 
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toe difference * ■ ^rsz^^s 

chromatography, which *f* y whicU reI y on specific 

presses such as affiru* portography and 

affinity; processes such as ^J> which rely on the 

reversed-phase partition ^°™^ s such „ isoelectric 

Terence in >^£*^Sctfc point. 

focusing, which ^^^^^^^^^ 

insienlion . r provides a process for producing 

Thepre cr:r s r — t ho, or 

fructooligosacchande using m 

3 -fructofuranosidase to^^^,,,.^ according 
in the process t "J^^ btaant host or recombinant 
; to *e present ^ ^d 2ve is brought into contact w,th 
|3 -fructofuranosidase descnoea * 

SUCTO The mode and conditions where 

recombinant -fructofur anosid- J» £ ^ ^ ^ way 

,0 invention comes in <^^^^ „ abie to act on the 
provided that the novel ^combtnant en^n ^ ^ 

sugar. -^^Xl T^-^ teinaie 
The sucrose concentration may Solved. However, 

range where the substrate sugar »^ rf ^ ^ 

25 considering the conditions should gene rall y fall ta 

and reaction temperature, *» c»««* temperature and 

preferably 40 to 70 C, P H 5 to 7 . recombinant enzyme may 

The degree of punf.cat.on^ nove^ ^ ^ either as 

be selected as appropriate, lhc y formant culture or 

unpurifiedmtheformofsupema^ ^ 

cell body homogenate, as purm sed by various 

purification steps, or as isolated after p 
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r^ermore, the en^e may be ^ 

sucrose as fixed on a carrier -^^t d i"ed from the 
The fructooligosacchandes thus produced is p 

Processibxisolafan£_a_JL^ 

i**^™^^ according to the second 

Tn the process for isolating 5 orpn TD No 

aspect of the present invention, the nucieotide sequence of SEQ ID No. 

2 is used. o ^. r j inp t0 the second aspect 

The process for isolahng a gene ace rdmg to ^ & 

of the present rnates oj .g E Q 1D 

sequence compnsrng all or part oi tn processes 
No. 2 as shown in the sequence listmg. Examples 

taC,Ud :| screening a gene library which 

^sss^-^ — a 

preparing a gene library which presumably 
3-fructofuranosidasegene, nuc l e otide sequence 

^J£^£S£2U- *»» » No. 2 as 

compnsrng all or part tne ences which hybndrze 

shown in the sequence Usung to selec seq nucleotide 

■ „io«T,« a 6 -fructofuranosidase gene irom 
the gene Ubrary be a nucleotide sequenc 
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of SEO ID No. 2, or a probe. Preferably, the 
nucleotide sequence of SEQ ID 

probe should be marked. marking the 

The procedures further 
probe, isolating the ^^^^f^ ^ e isolate d sequences 

^SSl-OTSJ of SEQ ID No. 2 as 

isolating a p -irutAui^r 

product. / . primer to be used, for 

Th e procedures for pre^n« * = ^ a 

preparing a sample P be performed according 

fl -fructofuranosidas. = gene and for ^R^J ^ suitably 

» ^ — "I s^eTin ^e aTwould be able to se!ect 
selected conditions. Those slaU ^ ^ sequence of 

these procedures and conditions easily oy 

SEQ ID No. 2. process for isolating a 

The scope of application ^ of the p ^ ^ 

a -rructofuranosidase gene according „ presumably 
^^rasCmSS 'spcSU ^ or 

shown in the sequence listing. acc0 rding to the present 
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v 4.- The term "homologue" 

No. 11 or 13 as shown in the '^T^J a more amino acids 

ret ersto an amino - id ; e ^ d ^ added to either or both of the 
^ inserted, substituted or dde^ -, or - u ^ ^ ^ 

terminals of, the amino aod ^ a homolog ue can be 

retaining 0 -fructofuranos^ in the art without undue 
selected and produced by 0 f SEQ ID No. 11 or 13. 

experiments by referring to £ ^ ac id sequence of 

The a-f™ctofurano SI dase havmg ft ^ ^ 

SEQ ID No. U or 13 has * *™ Specilically , when a 
efficiently produces f-ctooUgosacchandes. P ^ ^ ^ & 
sucro se solution at a ^—^30^ ^ ^ ^ 

rr^ t ^s^sy*. r d hydrolytic M ' 

X-ore changed to ^ooUgo^de, ^ 
. The novel 0 -fructofurano-dase of ^ prese nt 

tor isolating a gene accord*** %£ZtJ** ^ add 

sequence of " u - 

homologue thereof. ,„ uenc e which encodes the amino acid 

, 0 Generally, a nucleotide sequence from toe 

• sequence of a tble." ™en, a varied of 

reference chart known as the cod ^ ^ 

nucleotide sequences are avaalabl from th ^ ^ „ a 

acid sequence of SEQ ^ a cid sequence of SEQ ID NO f 

tne s<ui.o in No. 1 1 or 13. 

amino acid sequence of SEQ 1U invention provides a 

A preferred embody, «J^.^ ence of SEQ ID No. 12 

as preferred e^ of the 
^1 gene accordingto the ^ese^en^ ^ ^ 

As described above, the enaym . of the amino 

acid sequence of SEQ ID No. 11 o. : 13. 1 de sequence 

according to toe present mvenuon may 
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which encodes such a homologue. fragment 
As the nucleotide ^ uen « * fra&nent may be 

according to the P resen ' ^1^4 of atudeic acid, 
gained according to ^^iZ ^^ ro^i or 
5 The sequence can be obtamed ^7354 

genetic engmeenng. The specuic p 

later in Example B. _fructojuranosjdase 

» ^^^^^^^^ 

— mold ^ « : M£«^ 
according to the thtfd aspect of M»« atant and/or cell 

15 AspergUlus mold fungus ^^^"^ ^ch, when allowed to 
bodyhomogenateprov.desunpurfede^™ > 

re act with sucrose, does n^chang, the 

Such a mold to ^ S ' the mecha nism involved m 

3 .fructofuranosidase gene, deacUmtag m deactivattag the 

. _ r 0 o -f ructofur ano sidase gene, ^ 
,0 the expression of a 3 fruct ^ of ^ 

mechanism involved in the sy 

,3 -fructofuranosidase prote^ _ fmcto furano sidase gene 

. However, it is ^ U \f^^J m of station and the 
itself be deactivated, in view ^ * or part of 

the region encoding 0 tructo ld fungus include 

Available procedures for preparing such ^ 
„ f a mutagen sucn 
the use oi * . j . . .^traviolet rays to induce 

30 mutation to *e °"^JX^on technology is preferred. 

process usmg the DNArecombma deactivating a 

Examples of P^"^ recombinat ion technology 
g .fructofuranos.dase gene usmg U ation , which are 

include methods usmg homologous reco ^ 
35 subdivided into two types of methods, one step g 

two-step gene targeting. substitution 
In one-step gene targetmg, an mserhon 
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vector is used. v, Pf ,rine a deactivated 

As an insertion vector, a vector ^ 

B -fructofuranosidase gene and a Actable markergene 

*e transformants is P-pare . ^ ^ ^ 

0 -fructofuranosidase gene is _ tn 

, homologous recombination «*h1£ ^ ^ M a result> 
gene on toe chrornosome^between the ^ ^ ^ 

^ chromosome now to ^ ^ 

S -fructofuranosidase gene, eacn navu B 

fl -fructofuranosidase gene • ^ s «t ector bearing the target 
l5 When using a subsfatab ° n J? C *° r ' spUt by introducing a 

0 -fructofuranosidase gene which has been sput y 

selectable marker gene is prepared. tQ . nduce 

Thc ^^"XST with the section 
homologous recombmation at two ^ ^ 

20 marker in-between, m the 9 ^ 

^.fr^—rgeneCthe chromosome 

using a substitution vector in one-step g=n ^Sano-B-e gene 
step, a vector which bears dM which can 

containing at least one mu ^° n ^ re ™ tofuranosidas e gene is 
30 independently deactivate the ceil to induce 

prepared. This vector » then ^^d 

homologous -ombin^on at - "^dase ^ on tee 
in-between, in the target p h marker gene. As 

chromosome, which has been split by fte sdec ome „ 

35 aresult, the target 0 ^ 
replaced with the deactivate ^g* J rf ^ 

These recombinant strains can be selecte 
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marker gene as an index. subst itution, a vector which 

,n the first step of tat-and run s ^ at lea st 

bea rs a deactivated / « ^ ^ can independently 
one mutation ^^J^L^ gene and a selectab e 
; deactivate the target B ^ educed in the cell to 

marker gene is prepared. Jtaswc .^tofuranosKiase 

induce homologous ™"f'T*"t . fructofur ano S idase gene on 
gene on the chromosome m toe targ P ^ bearfog toe 

L ups tream of the ^^J^b*^ two copies of target 
0 selectable marker gene ,s now posmon^ mosome _ one with a 

0 -fructofuranosidase gene on r betwee „ toe two copies 

mutation and one wrthout. NeA* ^ ^ed to 

of target g -fructofuranosidase ger* i ^ Qf ^ awtatm . 

homologously recombine again on * ^ ^ ^ ^ 

1S A s a result, the vector bearing the se ^ 

copy of target B *»**^ e gene ^ 

^get p -fnictofuranosidase gene o ^ ^ 

mutauon. These ° t shou ld be noted toat the 

absence of toe marker gene asm md^ homologous 

20 same effect is ^—^1 0 f toe mutation, then on its 
recombination first on tne down 

upstream. selectable marker gene may be 

In the above procedures, any However, strains 

used provided toat a * ** — * 

25 missing toe selectable to use a selectable marker 

two-step gene targebng, >t » preferab ^ as 

gene (pyrG), or ATP sulfurylase ^ &kd ^pect of toe 

— -r The mold fungus according .f^ctofuranosidase. 
Uerably be used for prod^ngrecombmant 




6 fructofuranosidase is 
More specifically, a DNA toe prese nt invention in 

Loduced in me mold ^^SCr^catab.e in the host ceU 
to e form of a DNA molecule whU£> P ^ ^ &e gene 
according to the present mv^fo ^ ^ ^ 

5 particularly an eKpress.cn ability t0 produce the 

Lgu, The - T ~£^ase and no other 
recombinant P y 

B -fructofuranosidase from ot the DNA molecule *s a 

This procedure, where apreferred d techniques of 

10 plasmid, may be carried out according 

genetic engineering. „ hnn iment of the present invention, 

8 According to a preferred ^tT^^anosidase include 
examples cf DNA ^^.^"d Je according to the first aspect 
the DNA encoding ^ Ct *™bed earlier, the DNA encoding a 

1S of the present invention as <^" b isolated ta the process 

novel f^^^^^^i^^^'Z 
according "^^^iant according to the fourth 

20 Examples of ^^.^J^^d aspect as a host include 

^^^^^^^^ 

the expressing system w 

the present invention. feat the plasmid to be used 

More specifically, it is V«*«** £ ^^t, such as a 
25 bear a selectable marker gen< > for comp lementing all 

drug-resistance marker gene f ™^ ed marke r genes include 
Atrophic mutation. Exampfcs ^^ ^^ gene (Bar,, 
hyg romycin-resistance gene^ (hph ) Carboxylase 

titrate reductase gene (niauj, o 
30 gene (pyrG), and ATP-suHury^egene^ ^ 

It is also preferable tha the necessary for the 

expressi on vector contain n***^"*^ taclud ing transcription 
expression of the Mn-tofurano.d-e ae ^ 
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recombinant 0 -fructofuranosidase^ idase using a mold 

In the system for producing tavention , the 

„ according to the tod ^ 0 ^present invention is first 
formed moid fungus according to * P ^ ^ by ft 

cultivated under suitable C0 "t; on t0 obt ain the supernatant or 
lm own procedure such as suspend ed in a suitable 

cel l bodies. Cell bod.es shouldb^ ultrasoruc 
buffer solution, then » e "fl * entrifuga tion or filtration to 

—'a 0 --; r:: d — - - — - 

separate a ceu j 

tosj^ffisejlLinfflntioil according to the fourth 

£n£Ji ^7^tofuranos 1 dase var^ .rfk. of the 

aspect of the present invention » obtained y ^ ^ 

original (3 -f™^"^ 08 '^ subs utution or deletion of one or 
station comprises an rnse^n sub ^ ^ rf ^ ^ 
mo re amino acids in, or an add-on t _ {mctote anos,da S e 

of> the amino acid ^f^gosSaride mixture produced 
wW le toe composition of the fructo s e ^ e 

from sucrose as a result of J£c y ^ composition of the 
p -fructofuranosidase var^drffer ^ ^ ongmal 

fructooligosacchande mature p 

e-fructofuranosidase. .fructofuranosidase is not 

^ Although toe source of the ongm* d ^ toe 
UrMted in any way in ^J^XaU activity, it is preferable 
e.fructofuranosidasehasfmcto^Uran j^etes, particularly 
to use e -fructofuranosidase denved r Aure obasidium. 

The most preferab ^"^^anosidase consisting of the 
Aspergillus, particularly the V iru 
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of SEO ID No 1 as shown in the sequence listing 
amino acid sequence of SEQ ID N ^ & homologue 

^^eo-r to-rS- Lpect or the present 

invention or a ho ™f ^J^^ent of the present invention if 
Accordvng to a preferred em f ^ acid 

the original S -fructofurano ts Variant in which one 

preferred examples include variants " ^ substitut£d by an 
the amino acid residue ^^^p con^g of tryptophan, 
• aromatic amino aad selected tryptophan, 
phenylalanine «i^^7„u substituted by an 
the amino acid residue at P° s *°" ^tophan, valine, 

amino acid selected from the group cons.sbng tryp 

20 ^utamic - idand ac ^^position 313 is substituted by a basic 
the amino acid residue ^ 1v< ,; ne aranine and 

amino acid selected from the group ^ ^ 

the ammo -f ^f j oomtating „f tysine, argmme and 
25 amino aad selected * variants „ advantageous in 

™ selectively and efficiently from 

sucrose. referred embodiment of the 

The vaI ^^ tS ^^^^^^ ^ m ch ammo acid residues at positions 
30 present invention are thos ^- topha n, tryptophan and 

170 , 300 and 3 3 - "^^ and lysine, respectively. 
5£ v^e n^s ta that they can produce l-.estose 

m0 re -^^•'^SSSI is a homologue of the 
If the ongmal 0 -tototo ^ & M 
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• • 170 300 313 and 386 in the amino acid 
acid residues at positions 170, ^ Q ^ r aa ^ 0 ac ids. The 

sequence of SEQ ID No. ^ j^^f J mologue of the original 
^ino acids to be substituted in^a^^ ej-^ sequence of SEQ 
3 .fructofuranosidase ^^^^Zno acid sequences by a 
,D No. 1 are easily selected by ^V^ ^ ^ sequenC es 

„ algorithm. If, "^e^o acids to be substituted 
by a known algorithm . stereochemical structures 

can be easily determined by comparing 

of the enzymes. fmc tofuranosid^^ 
Pn^parati^ 

toX&ZS^ according to the fourth 

The variant 3 - f ^ ctof ^ 0 ^ eTDare d by p rocedures such 
f «f the present invention may be prepared oy p 

^^-rtW-^ DNA encoding the 
When employing NeX t, mutation is 

induced at specific s.tes °"^ h °^ or contain ing the mutant DNA 
arnino acids. Then, an express^ vetfor ce ll „ 

is introduced in a host cell variant, 
cultivated to prepare toe deseed S-fmcto ^ ^ ^ for 

Several methods are known to too ^ gapped 

inducing mutation at specific ,^son a gene ^ ^ 

duplex method (Methods m ^ 367 (19 87)). These 

Kunkel method (Methods m ^ toducing mutation at 

m etoods are applicable for ^ ^^^furanosidase. The 
specific sites on a DNA J-dmg 3 ^ ^ , 
nucleotide sequence of the mu ^ devised by 

procedures such as toe «^ad^ ^ ^ ^ 

fm^sp^aw 512 ^ according to toe fourth 

The 0 -^ ct0t ^°X ro r^Uuced in a host cell by 
° f ^trr^Ig 3 fructofuranosidase in toe 
introducing a DNA fragment c 
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host cell in the ~ - * T^^ S ^- Z 
host cell and can express * 

ta order to transform the ho^ cell. & QNA molecule , 

Therefore, the present mvention . * > & 
particularly an expression vector p ^ 

the 3-fruetofuranosidasev^accorf B ducta & ^ f 

The DMA molecule » <*^J* nt accor ding to the present 
encoding the fl a preferred embodiment 

tavention in -"^^ta pLmid. 
of the present invention the vector P^ { may be 

The DNA molecule accordmg to rn p 

prepared by the — * 

The vector applicable m the P Uused , fromwuses, 

^appropriate, considering the type o^s & ^ ^ ^ 

; plasmids, cosmid vectors, rfc. «amp ^ be 

It is preferable that the P>* s ™ d J 0 " as a drug-resistance 
|Q ease .he selection of the — ant, sue h^^ 
' marker or marker gene «"^^ dude ^pidllin-resistance 
p refe rred examples of marker genes m resistance gene 
gene, kanamyein-resistance gene and horibosyl)-anthranilate 
L bacterium host ceUs «PPj decarboxy ,ase (URA3) 
• „ m( .rase Rene (TRP1), orotidme-S -pnospn ^ 
25 isomerase gen \ dehv drogenase gene (LEU^I ">r y 

SSiSST S-'oA W 3lop h os-resista,ce gene P ar>, 
^nJate reductase gene^^ ^ _ 

It is also preferable that J me cont£un 
30 expression vector accordmg t^th p ^ 

nucleotide sequences transcription and translation 

B -fructofuranosidase gene, mclud g ^ aon Ration signal, a 

^•**"f -"HS ^ to— n signal, and a 
ribosome binding site, * 
35 transcription termination ^ lude> - m addition to the 
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ifrnl for E. coli; promoters sucn galactose 
regulated gene "* ^promoters such as those of 

a -amylase gene ^^sLse gene for mold, 
eene (CBH1), and g-fructoiur Qr m0 , d> lt 1S also 

^ \ f the host cell is Badto it t0 extracellular* 

advantageous to use a ^^° dase . Any host ceU with an 
secrete recombinant 0 used , preferably yeast, moR 

established host-vector system may roe tabolizing capability 

I The use of a host ceU — - ^ „ enzyme which 
„ould be particularly I"*™*"^ g .fructofuranosidase variant 
acts on sucrose except the jessed ^ sidase vanant to 

S.torefore.aMowsto — ^oligosaccharides — 
be used for the production o ernbod iment of the 

purification. Thus, -^^Jcording to the third aspect of 
present invention, the mold fungus ^ ^ A few 

L present invention may be used ^ ^ &s ^ t 

Trichoderma ^f^X^y (Oda, Y. and Ouch., K., Appl. 
—t sucrose metabol^g P g89) 

Environ. Microbiol., 55, 1 it 



Ecoduciiorj -OL '^^"^rjothl^ 

^.fru^ 
piSSenUMffliion - des a process for producing 

^rWesent invention farther pre ^ variant . The 

fructooUgosaccharides usmg to 3 - d by brin ^ g 

process for producing ^f^* truct ofuranosidase vanant, or 
me host cell which ^"^elf into contact with sucrose 
B -tructofuranosidase ^f^^ctofuranosidase vanant 
to the process using the P ^ purffied ^er 

^oligosaccharides * ^ ^ toe process for producing 

substantially to same conations idase acc ording to 

35 toe first aspect of the present 
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Exampl ^ A1: Purification and partial sequencing of 
fl _ f „c„s^ homogeneous ^ f 

5 iexACE-2-1 tA^")*^*^* 0 * 1 "^ 

HPLC (Waters) usmg a TSK gel ODb result 

.0 sequenced using a ^"^^—3 shown in the 
four partial amino acid sequences, wc 

endope^d" . determined by using *. protein sequencer as 

0-fructofuranosidase gene^by PC^ ^ fa & 

ASp£Ig1 !^ t extract 2% polypepton and 2% glucose), toen 
YPD medium (1% yeast ^^omoglate was mixed with 8 ml of 

a 12 ml mixture of pheno, ch.rofon. „ « 
25 foUowed by centrifugahon. ™^ ue °^ / ium acetate 

another container, and mixed with 1 ml ol » p 

solution. ^^^^T^^-ni - 

solution was centnfuged. ™ e j^ 16 ™ y rf ethanol to 

another container, and mixed with 2.5 tola vol 

, Th* rrecioitate was dried and dissolved m 5 ml at it 
30 sediment. The I"?*** A (Sigma Chemical 

buffer soluuon. After 5 £ fj^> maintained at 37 • C for 1 
Co.) soluhon was add d, the R ^ chemical 

hour. Then, 50 it 1 of 20 mg/ mi p was majntai ned 

35 1 3 „, 6000 andTs M ^umltLde) was added to sediment the 
fZ TpTedpitate was dissolved in 500 ,1 of TE buffer solution. 



t u^n\ chloroform and isoamyl 
^d extracted twice with a mixture of pW ^ ^ m 
M then allowed to * ved ta m actuate amount 

washed in 70% ethanol, dned, then 

of TE buffer soiution t*^* ^ ' Cetus DNA Thermal 
PGR was performed usvng Perkm ^^to 1 „ 

Cycler as follows: The chromosomal DN ^ ^ 

which had been prepared 3 15 mM MgC l 2 and 

tution 15 00 mM Tn x ^ each of ! mM 

1% Triton X-1001, 8 * lot2 f„" No 8 as shown in the sequence 
, positive-chain DNA pnmer of SEQ ID rf gEQ , D No . 9 ^ 

Lting (primer*!) and negabv-hamDN^P ^ ^ t ^ 

shown in the ^ uenc % ^\ * Industri es, Ltd.), and 79 ,1 of 
polymerase (Wako Pure C^cal Jndu retreatme nt at 

"stewed water, to a total volume* »M . q fcr t 

(degeneration step), at 54 ^1° reaction cycles. The 

C for 3 minutes (extending step), ^ota, £ . ? ^e 
last cycle was followed ^^^J^ ph enol, chloroform and 
sample was ton exh-acted fa ethanol . The predate 

20 isoamyl alcohol, and aUowedto ^ n wd ele ctrophoresed 

was dissolved in 20 ^ rfed band at about 800 bp 

te ° Ugh t a8 rusS to sldard technique. The recovered DNA 

25 After the DNA P recl P lta ^^U DNA Blunting Kit (Takara 

water, totermmals were blun«d by usmg™ ^ phosphorylated 

Shuzo Co., Ltd.). Then was cloned to the 

using T4 DNAldnase ( Nl ppon Gene ^ ^ was 

Smal site of pUC119. The frE *" e ™ DNA Sequencer 

30 sequenced using a (SEQ ID No. X0). The 

(Pharmacia), as shown m to sequ ^ ^ ^ ^o 

total length of to PGR e " ™ d seq , e nce encoded by this 
adds on the N terminal of to ■ ^^.^ 7 t0 20 of SEQ ID No^ 
DNA fragment corresponded to ammo ^a ^ ^ tQ ig5 

35 3 as shown in the sequence 20 of SEQ ID 

on the N terminal corresponded u amrn ^ ^ iQ ^ 

No 4 as shown in the sequence listing. 



corresponded to amino 

ad ds on the C *™^^rr^^ ta the seance Us** 

-^S^^rr^ coropleteDNA 

fragment encoding 3 -fmctofuranosKlase ^ ^ feeen 

^ About 10 ,g of chromosome ■™*^ EcoRI , foll owedby 

totemational), with the 788 bp , FCR * ^ of about 15 Ubp 

5 above used as a probe As a res 

hybridized with the probe^ chro mosomal DNA sample 

to the next step, about 2DM8 by gel 

^ove was digested wrth EcoKl, separat ed and 

, fVlGAPACK. 11 Gold (Stratagene L.L.C.], tn 

£.«ue MHA (P2), to prepare ^ ^ ^ ^ ^ 

As a result of plaque W™** tot ernational) wrth the 788 

UbdBng a Detection clones ^ out postove 

bpPCRfragmentaboveusedasaprobe ^ ? by 

to 15,000 plaques. Three of the pos* ^ ^ 

Tecond screening to P^^^ed that ail the clones had 

This EcoFI fragment of using restricts 

smaller fragment to select the de ^™ uc ^ 8orp UCn9. The 
Z^^^^^T^one according to the 
plas mid DNA was obtamed from 
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as in Example A2 using a 
standard procedure and «*£^ a Sequencer (Pharmacia,, as 
fluorescence sequencer ALF ed DN 

shownmthe sequence UstmglSEQroN j .^ ^ by 

Exampls-M^ Expression of P t™ 
Iriclioiisnnasiride fragment containing a gene 

An about 5.5 kbp *J^ d from the phage DMA 

encoding ^^T^^ was ligated with the 
obtained in Example A3. 1 * ig ^asmid pAW20). 

Hindm^***^^^^* al., (1987) Gene 57, 
Further, plasmid pDH25 lu. ^ ^ 

21 . 2 6, was partially ^^^fJ^Xbal fragment which 
and digested again ™& «*L Then^ gene denved 

consisted of the promoter and ^ermir > ^ photran sferase 

from AspergUlus nidulans an Ihygro y ^ resista nce 
s g ene denved <rom "-^inserted *» - »- * * 

pCnTp^las^ ^ (3% 

P Trichoderma viride waS o ^ taV * tC * t 0 .14% ammonium 
^cose, 0.1% polypepton, ^ h ate and 0.03% 

i0 Lfate, 0.2% PO--^ ^fZrs the resultant mvceUum 

WMhed twice to 0.5 M sucrose soluuon. m g 

T^e mycelium was sus P™ Qe R . 10 , SKK Biochemicals 
25 containing 5 mg/ml ^f^"^^^ Nordisk), and gently 
Corp.) and 5 mg/ml of f After the cell body 

shaken at 30 'C for 1 hour to . form pro P dat2500 rpm 

residue was filtered out, the were wash ed twice m 

for 10 minutes. The collected P™^* _ Ha (p H 7.5) and 10 
30 U buffer — ^ "d" ^ buffer solution to a final 
m M calcium chloride) ana su v 

concentration of 10 7 /ml. ^ 10 „ 1 of 

The protoplast TE buffer solution so that 

DNA solution, which had been » ould be x mg/m l, and iced 

35 «heconcentrauonof P lasmidpAW20rtyg M l of PEG solution (60% 

KS^J^rZSSv* (PH 7* 10 mM 

polyethylene glycol 400U, 
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protoplasts -^^I^g !00 M g/-! «^ B 
dextrose agar ^ dextr0 se soft agar medium 

and 0.5 M sucrose, together with ■* . for s d s . The 

containing 0.5 M sucrose, and incubated at * 
append colonies were we re cultivated in 

^^.^^ clrTdXthe 0-iructofuranosidase 

"a^olant^hibited 1 X 10» units /ml of act™*. 

Southern analysis of chromosomal DNA from 

fl -fructofuranosidase-producing fungi 

»• „ „f nNA fraement for use as probe 
(1) Preparation of DNA £apne ■ by pcR _ ^ 

A DNA fragment for use as a pro r f SEQ , D 

plasmid P AW20-Hyg containing 

No. 2 as shown in the sequence ^ ° cler as H „ws: 

The plasmid DNA te>AW20-Hyg), °- 5 ^^ of reaction buffer 
had been prepared * 15 mM MgCl, and 

solution 1500 mM KC1, 100 ^ ^HCl ^ > ^ ^ { ^ ofom 
1% Triton X-1001, 8 Ml of2.5 mM dN ^ ^ 

5 mM positive-cha* DNA DNA pri mer of SEQ 

sequence listing (pnmer #1) and " e S a * 0.5 »U Taq 

1D No . „ as ~XelC^ ^Ud. ) !'and77 ,1- 
DNA polymerase (Wako Pure t-hem p re treatment at 

sterilized water, to a total volume of ^J^J C for x mi nute 
3 0 ^•CforSmmute^e^ 

(degeneration step), at 54 C for 2 m ^ J ^ 
C for 3 minutes (extending step) for a totalo ^ 

Iast cycle was followed ^ r^re of phlnol, chloroform and 

sample was then extracted with a mixtur , o p ipitat e 

35 ^^^^tri^ electrU^ 
ZuT - specify amplified band at about 2 k bp 
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, • The recovered DNA 

was cut out using the standard ■ The DNA precipitate 

ob %T^P-" d southem taalysis of " oinal DNA 

from S-fructofuranosidase-produ^gfung, ^ g 

8 -fructofuranosidase. Aspergiuua J**"^-^ scupulanopsis 

^™ IF ° 31348 ' STTd 

brsii!:alllis 1FD4843, IFOS828, 1FOS841 ^ 
ifo31915 , 7 ^n^^n a YPD ^d 

S£QJ2ulariQpsls rossoto IF °^= 64 \ ^ 2 . /o glucose) at 28 C 

medium (1% yeast extract, 2 /» P°^° chro mosomal DNA 

for 2 days. From toe resulfcm ceU bo* es ^ ^ 

procedure described in "^e ^utoern anaiysis using 
0 This membrane was subjected to (Ame rsham 

ECL Direct DNA/RNA ^^^A fragment prepared in (1) 
mtemational), with the about 2 kbp DN ^ ^ & ^ 

above used as a probe. The resul 2() kfep ^ 

fragment which ^^^13 kbp in 
25 Aspergillus W»« IF ° 44 °°; ta B5nic fflj ljm roausfcru 

a£ul£atus ,F031348, at about 4 ttp IF04843 , 

^7254, at about 10 kbp about 2. 
IFO S828, IFOS841, IF06588, IF ^1^^ F ^ at about 

7 kb p in Scr^utoopsis b^f^^is result indicated that 

a 0 -fructofuranosidase gene c ^ rf ^ 

f, -fructofuranosidase-producmg fungus y tathe 
homology to toe nucleotide sequence of SEQ 
35 "^Sb* nation of 3 -fructofuranosidase gene from 
Ee ^ u r 2 fTg 1 ^— omal DNA derived from 



Molecular Cloning (Ibid.). 4 kbp ( abo ut 0.5 n g) 

The recovered ^ been digested 

were ligated with 1 v- g <* /• f\ ^ packaged using an in 

^EcoRI-d^ted-^pha^ ^ 

vitro packaging tat, GIGAPACK ^ & fesult f 

introduced in the E.COUNM514 to P P DNA/RNA* Labelling & 
plaque hybridization usrng ^ ^ 2 kbp 

detection System ^^^sed as a probe, four clones 
DNA fragment prepared m Examp ^ dones 

turned out positive m ^ phage DNA, which was 
were purified by a second ^ een *«^ ^ result sho wed that all 

, then analyzed using resW *T!^ ent ot ab „ut 4 kbp. 

the clones had an identical EcoRl fragmen a smaJler 

Th e about 4 kbp Ec oM fragm en^was ^ 

fragment to select the desjed 8 The plasmid 

then subcloned to plasrmd vector pUCUS o P ^ ^ 

, 0 D NA was obtained from the subclon a«» ^ _ ^ 

0 procedure and sequenced fsequence fisting (SEQ ID 

r^^r^ot-quence was as shown rn the 

SeqUen ^^ Q — I , -fructofuranosidase gene from 

^^i^bjM^i^s^ derived from 

Ab out 2 0 rS^— °:iSstedw4EcoKI,foUowed 

Sxosulariapsis Jfflflcauta IF04843 ^ ^ ^ iQ kfep were 
by agarose gel elec^ophores^ DNA f gm^ ^ m 

separated and recovered according 

Molecular Cloning (Ibid.)- kb (about 0.5 w g) 

Th e recovered DNA fra^ent « ^ ^ been ^ted 
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felling * Oetec.cn **~££££ZS^^ 

about 2 kbp DNA fragment prepared m ^ 

^ee done, wned -'^^a screening to prepare phage 
positive clones were P^ d ^7 restriction enzymes. The result 
DNA, which was men ^^^^ EcoRl fragment of about 
showed that all the clones had an .dentical 

lOkbp. t _ „, frMm ent was subdivided into a 

The about 10 k ^^J^ DNA region using restriction 
smaller fragment to selec the ™ ctorpUCU8o rpUC119. The 

; the sequence listing (SEQ ID No. 131. sidase ge ne derived 

from Eexucillium ^"^^7* gene encodmg 

An about 4 kbp EcoFI DNA obtained <n 

J^uefctomo^^P^^^V EcoRI site of 
0 Example B2. The fragment was - erted 

plasmid vector pUCUS ^d ^01) n ^ ^ ^ 57 , 

Further, plasmtd P D » 25 ^ U _ d u ted with Xbal linker, 

21 .26) *as partially digested wtthEcoK an g ^ ^ 

^ digested again with XbaL ^a 3^ ^ gen e derived 
2S consisted of the p— "^^^ B phosphotransterase 
from AspergUlus »^" 1 JW a nyff omycin-res 1 stance 

gene derived from - coUw s prep ^ ^ ^ ^ of 

gene cassette. The ira&i 2 
plasmidpPRSOl^asm^pPRMm ^ 

, 0 Trichoderma vfftde was ^ cui ammonium 

30 gjucose, 0.!% pdypepton, l%yeas te*» ^ ^ 

"sulfate, 0.2% P°~ J^urs The resultant mycelium 

n ma /ml of CeUularse-OnozuKa 
containing 5 mg/mi 01 



mg/ml of Novosym 234 (Novo Nordis* and g^^S 
, hour to form protoplasts. After toe ce ^ ^ minutes . 

oflO 7 /™ 1 - • i no ul was mixed with 10 Ml of 

The protoplast suspens.on, 100 M s0 ^ 

DNA solution, which had been ould be ! mg/ml, and 

the concentration of P las ™ d J^ d ^ 400 „ 1 of PEG soluuon 
ic ed for 5 minutes. ^ ^ 7 . 5 , and 10 mM 

(60 ./ o polyene glycol 4000, 10 rnU ^ ^ ^ 

.calcium chloride,, and teed ^ solution , ^.aid on apotato 
protoplasts were washedmSUTCbu^ hygr omyan B 

5 dextrose agar medium ptoi c ° n ™^ se sott agar medium 

containing 0.5 M ^^^uWormants. 
appeared colonies were select ed , *s<™ ^ were cultivated m 
PP After the transformed and the ongm . fructofuran osidase 
20 the seed medium at 28 " C for4 day , toe 

activity of the culture ^pernatant was m pH 5.5, at 40 "C. The 
n^e to act on !0 of glucose („ 

activity was expressed m umts, ^ ^ ^ ^ nega ^ ve for 
2S fiffJK^ rnt^-outO^u.Wmlof 

— T he obtained , ^f^jTS^^ 

E-^^^eparanonofniaD^sformantfromA^ 

njgerACE-2-1 . (ATCC20611) were applied 

35 ^Sporesof^rgitomgexACE^ 1 ! ^ 0.1% 

35 t0 a .ninimal agar medium (P^ _ ^ 0 . 0 5«/. 

dipotassium hydrogenphosphate, 
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ifotP 1% sucrose and 0.5% agar, 
potassium chloride, at 30 " C. After 

pH 5.5) contains 6% cUorates, an ^ ^ ^ 
incubation for about 5 days, d lanted ta a minimal 

(eWorate-resistant mutants) were ^«ted and p ^ ^ ^ 

Ldium which contain^ *Tf?j£££*e»«* fOT 
nitrog en source for the —.on ^orate-resistant 
source. The result showed WJ™ ^ me 

tfce activity of nih.te were cultivated in a 

by niaD gene, in the ceU body^ ™e ^ ^ 
liquid medium (0.2% sodium g pota ssium 
5 ^diphosphate, ^Z ^ose 3 g) at 30'C for 60 
chloride, 0.001% iron sutfate and Q 2& were 

hours while shaWng ^^^sphate buffer (pH 7.5), 
suspended in 2 ml of 50 .^/^/^cenuifuged to remove 
homogenized, and ultrasomc^y cmshed m ^ 
!0 L —le fraction. ^ ^ToI m' sodium phosphate 
10 00 „ 1 of d«W«W ™ * FAD, 100 Ml of 2 mg/ml 
solution (pH 7.5, 100 ^ ° f °^ ™l dium nitr ate, and allowed to 
NADPH and 1000 Ml of 22.5 mg/ solution was 

r eact at 37 ' C. After JJ^anilamidc (dissolved in 3 

2S colored by the addition of 500 Ml of 1 A Qo ^ t rf 0 . 02 ^ 0 

N hydrochloric acid) and for AS40 for the 

N-1-naphthylethylened.amine and ^ ^ ^ 

determination of the nitrate . The refore, it was 

strains did not exhibit nitrate ^ one of wn ich, 
30 concluded that the three ^s jere n, ^ ^ 

named NIA5292 strain, was used 

;x pertaients. {rom Aspergillus nigsr 

Example- Preparation of n.aD gen 



NRRL4337 

35 



(1) Preparation of prote ^ fa a yPD liquid 

ASP£rg01llS T ^odypepton and 2% glucose). Further, 
medium (1% yeast extract, 2 /. polypep 
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v, m in the sequence listing (SEQ ID Nos. 
synthetic DNA primers as ^ nucleotide sequence of 
17 and 18) were prepared by s . E „ e t al., Gene 

niaD gene derived from Aspsrglto »l h had bee n 

™ u , g i 49 - 155 (1992),. The chromos^a DNA ^ ^ 

prepared from the aforementwned ceU template DNA for 

procedure described in Example A2 was used 
PCR reaction. The reaction tool, place £ 100 , ^ 
containing 0.5 „ g of chromosomal DNA ,100 p . £ ^ i 

at 50 • C for 2 minutes, and a 72 Cl ^ 
cycles. As a result, an »*°*™J»^ oi ^DNA fragmentwas 
specifically. Then, the nude otid eseque n nucleotide 
liyzed and proved to ^^s^oLg that the DNA 
sequence of the niaD gene o *»««^» ^ ^ 80 0 bp DNA 
fragment was derived from toe maD gen. ^ 
fragmentwas used as aprobe m the st* J ^ 
(2) Southern analysis of chromosom 

™& , nNA of Aapsrgito nigsr NRRL4337 was 

The chromosomal DNA o AOT^ foUowed by 

3 digested completely with Hindi* H*>RI ^ ^ a ^ 

electrophoretic fractionation on agarose ^ • according to the 

m embrane (Hybond-N + , J-f^^^J Spring Harbour, 
procedure described in Molecular C omn ( using 
1982). This nylon membrane subjected t^ (Amer sham 
!5 ECL Direct DNA ^r^^^ 
international, under the c °" S b 7 DNAfragm entused as aprobe. 
with the aforementioned about 80C ibp DM » ^ 
As a result, a DNA fragment of about 15 Kbp g 
hybridized with the probe. 
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(3) Isolation of niaD gene ... n i ee r NRRL4337 was 

^a*^^^*"^ electrophoretic 
digested completed J* "^Lgments at about 15 k b P were 
fractionation on agarose gel. sta ndard procedure. The 

separated and recovered accords ,g to ste of XDASH 

11, and packaged usmg GIGAPACK 1 
introduced in E. coli, to prepare a library. 
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FCL Direct DNA 
As a result of pla,ue ^ the 

Labelling & Detection ^^"^dTs a probe, positive clones 

SCree tfa g e DNA prepared from - ^. T a^ 

po^^aH^in-r^d^^^ jailer DNA 
of Southern Analysis for thrs m erted gm 
ragment of about 6.5 kbp ""J*"^ determined for this 
JTfound. A restriction enzyme W ^ smaUe r 

isolate Sp£S ent ^^ n ot plasroid pAN203 tor 8ene 

targeting , „ Greeting, was constructed as follows 

HasmidpAN203 for gene targeting w 

(Figure 4): , . lrlrfu dina the initiation codon of 

(F ^An about 3 Ubp Sail ^^"am region was prepared 
^ 3-fructofur-osidaseg^e and - P co 

from the about IS W>P obtained in Example A3 

Tfructofuranosidase gene wh,h had be» O ig 

above, and subcloned to ptam* ^ d 

Single-stxanded DNA ™ DNA of SEQ ID No. 19 as 

gene (pW20B). u fra ^ent containing the 

™ < th 8 ^ructofuranosidase gene and *. 
termination codon of the <* J™ about 15 k bp EcoRI 

downstream reg.on was ^ subclo ned 

fragment containmg the 3 -^ ct °™ sing ie-stranded DNA was 
to^asmid PUCU9 (plastrnd Pj^^aUy mutated using the 

synthetic DNA of SEQ ID ino. 
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„;„ Astern (Amersham International), to 
Sculptor in Vitro Mutagenes.s S^J™ ^ ^ termination 
c Je a BamHl-digestible stfe — tely-ft ^ ^ ^ 

cod on of the 3-^°~^ 0 m PBW20B and substituted for 
kb p PstI fragment ™ whi ch had been prepared 

the about 1 .5 kbp PstI fragment of pAW2U, 

in Example A4 (P'-™ d P™ ' ted ^ Hindlll and, after its 
Next, plasrmd pUCUS was d,g ^ Co _ 

terminals were blunted w.th T4 DNA ^poym ^ ^ ^ 

U^.Ugated with Sail to TheDNA ^ pM was 

Ugated again (plasmid P^™* ^ about 2.5 kbp 

digested with Sail and EcoM I ^ ^ 3 kbp 

Sall-BamHl fragment prepared *™JP ^asmid p AN202). 

BamHI-EcoRl fragment prepared ^™ f conM the 
p^er, an about 6.5 kbp Xb ^^^ f p ^ 202 (plasmid 
niaD gene was inserted mto the Xbal srte 

PAN203). , AsoBrEffljiS nigsr NIA5292 with 

ExamplsXi- Transformation of Aspergu^ ni^ 

Plasmid PAN203 cu itivated in a liquid medium 

Aspergillus niger N1A 5292 wa t _ 0.5% sodwm 

3 (2% soluble starch, 1% P^^L» suifate) at 28" C for 24 
dihydro g enphosphate_and OO ^agn ^ & 

hours with shaking. The c f Boa , „ ^ ucuro nidase (S lg ma 

suspended in an enzyme ^oluhon (1 mg/rnl ^ 1Q mM sodium 
Chemical Co.), 5 mg/ml Novozym 234 <™!° mi maintained at 

i5 phosphate fcH 5.8, -dMJ. P— " tv edby aglassttter, 
30-Cfor 1.5 hours. After the cell a ce nrrifigation. The 

^d the resultant protoplasts were^ b * mMTrfs ^ 7 .5), 10 
pro toplasts were washed U«cemSrCb^ ( fa 

mM calcium chlonde and id pAN20 3 

30 buffer. Next, the *«f»*£Z Td maintained still on ice for 
wh ich had been digested w,thHmdm, ^ ? w mM 

20 minutes. After PEG soluhon ^ added) fce 
^cium chloride and ^P*^f^'l >a)er 20 minutes. The 
sample was maintamed still on ice d suspended m 

3S protoplastswerewashedafew^STCb^ , ^ 

Csapek's medium pa* ^ q.05% potassium 

hydrogenphosphate, 0.05 /o magi 
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w 0 001% ferric sulfate and 3% sucrose) contaimng 1.2 M 

chloride, 0.001 At *n on Czapek , s agar 

sorbitol and 0 8/c ^agar. ^ at 

medium containing 1.2 M sorbitol formed 
30 • C. After incubation for about 5 _days, str*n 
5 colonies (transformants, were ^f^^™^ were 

of toe host 

1 ° " " fm N°r"e co" L transformant were applied to a minimi 
Next, Uie comaid. ui 0 10/ dipotassium 

agar medium (0.2% sodium ^* °' ; % ^ 

^diphosphate, ^ cWorate and 

chloride, 0.001%ironsulfate,2/o glucose b p % 

1S 1.5% a^ar.pH 5.5) which contained^ P^-^ichl ^ 

^cose as the only -«^^t niaD - phenotype 
four days later a ^^^^.^ w« 
mutants emerged. Abo« ^ 

tested negatively for B lructoiur toee ther with the vector 

bearing the niaD gene as a result ot furanosidase 
recombination in the ^s*™^ ^ for 

g ene on the host ~om ^ ^^cWoratc-resistant mutants 
the chromosomal DNA extracted, ^ ^ ^ 

^l^—n of 3 deriV6d fr0m 

— 7^™"ne° St derived from 

30 To express the g f ™ Ct0t " constructed as follows 

PenicUMum roqueforti, ^^X^^"^ 
(Figure 5): First, plasmid f™™* ^ * e frakara Shuzo 

its terminals were digested with BamH. 

Co., Ltd.), Ugated agam. Then th plasm u ted 

35 ^.^ te ™S8™;r I i-t 2 ^Pstl fragment 
again (plasmid P^ 18 ™ ^ rf ^ g . fruc tofuranosidase 
containing the promoter and terminator 
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gene prepared from plasmid P AN202 was inserted into the Pstl site of 

— qTnce «£ as T: - = 

System (Amersham In— • ^ created on ^ 

v. a * vhn Xbal fragment without a BamHI-digestible site. 
^X ^a^r inserted into the Xbal site of plasmid 

P ^ 20 ^:rte— dregionofthe , -fn.—o sidase gene 
aJSr« —for. was —o 

sequence tpPRS02). M international), with the 

^rrdear^hic^heen prepared in — from 

spared from the £ " d 25 as shown in 

by PCR using the synthetic DNA of SEQ 1D N ° p template, and 

the sequence listing as primers and plasrmd pPRS02 as temp , 

B ^^^^^^^^^ 

had been digested with HindHl to »n=-0 ^malt ex*act, 
was cultivated in a Uqurd med^n and 0.3% sodium 

,0 l-^.f^°?' c 0 f ^ 3 Xys^fter "cultivation, the recovered cell 
chloride at 28 C for J aays. measured for 

bodies were ultxasonically homogemzed, and mea 

fl -fructofur—e -^^^o^tLT^ P» 

3S rn^rc 1 :" L=r^ bi ted l « ^ - 
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-fructofuranosidase variant is 
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For ease of reference, a 0 

Acceding to this, for example, a variant «, . whi h h£ 
substituted for phenylalanine at position 170 » expressed 

""^variant with more than one mutation is denoted by a series of 

mutation symbols separated by a V, sueh as m: 

F170W+G300V+H313K f nr 
Lre tryptophan, valine and ^ ~ "£^ 3 £ 

phenylalanine, glycine and histidine at positions 170, 300 and 

reSP< 1urL, fructose, glucose and sucrose ^ereina^r denoted 
bv T TV, respectively, while oligosaccharides in which one to 
tee moires of Lctose are coupled with sucrose are denoted by 

g"KSte subsUtution in 3 -fructofuranosidase gene by 

Sit6 - SP 4T— d^egionofthe , -fructofuranosida served 

a/-»t7> <~\ -i fATCC20611) was amplified by 
^TTeT^K™! ^ with plasmid 
SS^tJX^ 3-fruoto— ase 

pAW^u nyg v solution contained 0.5 n 1 

r ^ntlo ot t7ot pll^id DNA <p A W20-Hyg,, 10 ,1 of 
leq 7nn buft soUn [500 mM KC1, 100 mM Tris-HCl (pH 8.3) 15 
reaction buffer solution i „ s M dNTP solution, 2 * 

pnmer of SEQ ID No ^ chemical Industries, Ltd.), 

0 5 a 1 Taq DNA polymerase (Wako h-ure 

and 77 M of sterilized water, with a total volume of 10C I m L After 
/ ♦ Q t Q4 • C for 5 minutes, the sample was incubated at 94 
pretreatmentat94 Cfor 5m ^ ' 54 • C for 2 minutes (annealing 
C for 1 minute (degeneration step), at 54 u 
step) and at 72'C for 3 minutes (extending step) for * *tal ° 
step) ana followed by incubation at 72 C for 
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chloroform and isoamyl 

The precipitate was dissolved m 20 M ot TE ^ 
electrophoresed through agarose geL ^ ^ 

at about 2 kbp was cut out using .to sUmdar tQ 
, recoveredDNAfragmentwasdi^^ 
the BamHI site of plasmid pUCl 18 (Takara » 

pAN120 in H»« 6 }- ced ta the E . coli CJ236 strain to 

Plas ml d P ^120 was mte procedure . 

prepare single-stranded DNA according ^ rf 

0 With the obtained DNA used as a template and I toe D _ P 

SEQ ID No. 28 as shown in the * Vitro 

specific — ZtS.U^M according to toe 
Mutagenesis Kit (Ninon Bio k _ a smidpAN120 (F170v^ • 

instructions given in toe -PP ta ™^ ^fra^nent of pAN120 

20 phenylalanine at position 170. t 
(2) Construction of express,on vector pY283 1 for y 

Session vector pY2831 for use y- ™ ^ _ ^ 
plasmid PVPR2831 (H. Honuchi etal Ag£ ^ ^ 

X771-1779, 1990). As shown m ^ J- ^ wer£ blunted 
25 digested witoEcoRI and ^ ™ B amHl linker 

with T4DNA polymerase, bgated 
(5'-CGGATCCG-3'), then digested again with BamHI and 
self-ligated (plasmid pY2831). 

m Production of variant F170W by yeast 

prepared from plasmid pAN120 (F170W) y 6 
.nd inserted into toe — * «^e enzyme (plasmid 
in Figure 8). A plasmid for ex P Ies ^ g from pi asmid pA N120. 

pVSUC) was constructed ir, i . ^ Sacchar omyces 

et ^ J B^eriol., iS, 163-168, 1983, to prepare a 
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> The transformant was cultivated overnight in an 

transformant. T ^ ™ base (Difco) , 2% glucose and 

SD-Ura medtum 0.6 7* ^ M ta a pro duction 

50 k g/ml uracil) at 30 U in gluc0 se, 2% casamino 

n^P^^-^^^^LraBon of 1% and 

5 acids and 50 , g/ml urac.1, at a final c was 

10 in the F170W variant. +TT17nw 

(4) Evaluation of variant Fl /uw eva iuated 
The wild type enzyme and ^ ^ F ^ tion in a 48 wt% 

F G GF GF2 GF3 GF4 
n4 22 3 20.5 45.1 11.3 0.3 
" 0-.: Sl 2 0.9 45.S 1« 0.3 
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• A-ntr that GF2 increases and GF3 decreases as 
These figures indicate that ui< z 

a result of the substitution * J170W. ^ G300 W 

E^n^:Construchonandp^ gene by 

(1) Nucleotide substitution in 0 Iructoiur 

site-specific mutation ^^ced in the same manner as in 

A site specific mutation was mduccdmm 

(G300W). . inserted fragment of pAN 120 

The result of sequencrng for the mserte gn 

(G 300W) confirmed that ^ words, the 

nucleotide and no other part ot tne s 4 . 

was the same as 

,_ fr uctofuranosidase encoded* ^^f^ ^stituted for 
the original enzyme except that trypt v 
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ST^S SXC^r-te^ pVaSSX tf-o- PVSUC 

(G3 ° 0W)) - •, v,UC (G300W) was introduced in the yeast 
5 Plasnud P YSU °j° 3 ° 0 16 to the same manner as in Example 

Saccharomyces cerevisiae MS 1«£ at£mt a 

Dl to produce variant G30UW. inc 
3 -fructofuranosidase activity of 5X , umts/ml. 

(3) Evaluation of variant G ^ Qw were eva i ua ted 

l0 The wild type enzyme and toe vanant G , ^ ^ ^ 

U sing the yeast culture -^^JZ mposioon was analyzed 
sucrose solution, pH 7, at 40 C the s g ^ fce 

15 F G GF GF2 GF3 GF4 

0 4 22.3 20.5 45.1 11.3 0.3 
^oT 0, 21. 21, 46.4 9.4 0.0 

a result of the substitution in ^G300W. t H313K 

(1) Nucleotide substitution in 3 -fructoluran 

site-specific mutation ; nduce d in the same manner as in 

25 A site specific mutation was mduce ^ Nq 30 as shown 

(H313K). . inserted fragment of pAN 120 

The result of sequencmg for the mserted gm 

30 (H 31 3K, confirmed toat ^er words, the 

nucleotide and no other part oi was toe ^ as 

35 Reduction of variant H3!3Khy yeast _ 



(H313K)) - vcnc (H313K) was introduced in the yeast 

Plasmid pYSUC (H313K) samemanner as in Example 

Sa££harQ ^ ™^^3 S K : 16 The culture supernatant exhibited a 
5 Dl to produce variant H313K- me 

^.fructofuranosidase a »^f 3 7 tS 7 h e wild type enzyme and 
(3 ) Evaluation of variant H31^k culture 

• 4- h^13K were evaluated using J 
the variant H313K we ; % sUcrose solution, P H 7, at 

supernatant. After reaction in a 4S ™ LC The sugar 

(GF2) yield was at maximum were as follows. 

F G GF GF2 GF3 GF4 
0 4 22.3 20.5 45.1 11.3 0.3 

15 " °- 4 21 - 9 8 9 6 0 ° 

• „>»te that GF2 increases and GF3 decreases as 
These figures indicate that u« 

a result of the substitution in H3 13K. E386K 
20 EsamplsJH: Construcuon and prod^ e gene by 

(1) Nucleotide substitution in 3 fructoi 

site-specific mutation induC ed in the same manner as in 

A site specific mutation was induced in 

Dl except that the DNA ^ ^^ smid pAN1 20 
25 in the sequence listing was used to constru 

(E386K). . , inserted fragment of pAN120 

The result of sequencing for the msert * 

(E3 86K, confirmed that ^ther words, the 

nucleotide and no other part o gene was fee same as 
30 0 -fructofuranosidase encoded ^ ^ J, s(ituted for g^tamic 
the original enzyme except that lysin 
acid at position 386. 

(2) Production of ^"^ding the variant gene was 
A 2 Kbp BamHI DNA fragrnen^^^ludrh^ ^ & ^ ^ 

35 prepared from plasnud pANlM J^JpJUd pVSUC (E386K)). 

- d ^r;Su B r^ ofp :as ju- - *» >- 
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• -..MS 161 in the same manner as in Example 
Saccharomyces cere^* MS-161 m supematant exhibi ted a 

Dl to produce variant E38biv. n 
p - f Jtofuranosidase activity °' l™*^ 

,3) Evaluation of variant E386K ^ 

The wild We enzyme and the var^n ^ & ^ ^ 
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p G GF GF2 GF3 GF4 
0 4 22 3 20.5 45.1 11.3 0.3 

Xnese^esindicatetnatG^increasesandGFSdecreasesas 

areS ^^ ta — "n and production of variant 

20 F170W+G300W fruc tofuranosidase gene by 

(1) Nucleotide substitution in P iru^ 

site-specific mutation ^^ed in the same manner as in 

Site specific mutations were induced m th ^ 

(F17 0W + G300W) confirmed that ^ b ^° In other words , 

Uet nucleotides and no part of &e s^en ^ ^ 
30 the 3 -fructofuranosidase w B as substita ted for 
„ the ori^nal ^T^X^ ^on 300. 

35 ^S^*£S£L« site of PV 2831 tf— 1 PVSUC 
(F170W+G300W)). 
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, -^-4. a o -fructofuranosidase activity ui 
exhibited a 3-fructoi 70W+G30 0W 

P) Evaluation of variant Fl ^ Fl70W+ G300W were 

The wild type enzyme and the van Mter reacuon in a 48 

c^^^^^^ 1 ^^^ composition was 
wt% sucrose solution, pH /, at ^ type and 

rnrr i — • ■ 

follows: 

G G F GF2 GF3 GF4 

0 4 22.3 20.5 45.1 11.3 0.3 
Wild type u.h 0 3 

F170W+G300W 0.7 21.7 22.5 *o 

• Pirate that GF2 increases and GF3 decreases as 
These figures indicate mat ur^ 

F170W+G300W+H313R fmc tofuranosidase gene by 

(1) Nucleotide substitution in 0 -fructolur 

site-specific mutation ^^ced in the same manner as in 

Site specific mutations were «duc^ m 2Q ^ 

(F170 W + G300W + H3 1 3R, 'f^**^ tae ^uence. In other 
to the target nucleotides and n ^ variant gen e was the 
words, the 0 -^ totom ° Sld ^^ t ^tophan was substituted 
sa™ as the original ^ ^J^L* position 300, and 
for phenylalanine at posrtaon 170 and gly 
arpnine for histidine at posrUor w W+H313 R by yeast 

(2) Production of variant FITO variant gene was 

A 2 k bp BamHI DNA fragment G300W+H31 3R, by 

spared from ^ ^ BamHl site of pY 2 8 31 

digesting it with Bamm, cu 
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Plasmid pYSUC (!• wuw manne r as 

the yeast Saccharomyces ^^ +oa00W+ H313R. The 

The wild W e 311(1 ^L a tant After reaction in 

LO a 48 wt% sucrose solution, pn , 0/ , f me ^d type and 

j i. udt r The sugar compositions [/o) iui ti 

follows: 

F G GF GF2 GF3 GF4 

15 0 4 22.3 20.5 45.1 11.3 0.3 

Wild type V* 

F170 W + G300W + H313R ^ ^ aQ 



20 areS ^^ m ~r P—on o f variant 

G300W+H313K fruc tofuranosidase gene by 

(1) Nucleotide substitution in 0 -fructoiur 

site-specific mutation -,, llce d in the same manner as in 

25 Site specific mutations were induced m m ^ 

30 (G300W.H3X3K) corded mat^ubsu In other wor ds. 

target nudeotides ^ toe Jjant gene was fee same 

^ 0-fructofuran o-^J^J han was substituted for 

as the ° ri ^^ e ^ lysine fortetidine at position 313. 
glycine at portxn 300 and^s t 

M ^Tffl DNA^ent including the variant gene was 
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BamHI, and inserted into the BamHI site of pY2831 (plasmid pYSUC 

(G300 "VSUC ( G300W + H313K, was —ed jn = 

Sa—ycescere^^ 
5 Dl to produce variant G300W+HcSlOR. inc 

exhibited a 0 -fructofuranosidase activity of 1.2 umts/ml. 
n\ Fvaluation of variant G300W+H313K 

Se w^>e enzyme and the variant G300W+H313K were 

analyzed oy n maximum were as 

the variant when 1-kestose (GF2) yieia 

follows: $ 

F G GF GF2 GF3 GF4 

15 Wild type 0.4 22.3 20.5 45.1 11.3 0.3 

" H313K 0.8 21.2 19.4 53.8 4.7 0.0 

These figures indicate that GF2 increases and GF3 decreases as 
9.0 aresultofthe substitution in G300W+H313K. 

20 Construction and product™ of vacant 

G300 7Nu!Lde substitution in fi -fructofuranosidase gene by 
25 *~°£?££Z«~ were induced ta *e same manneras * 

rSS-SU *r the inserted fragment of p = 

iaxgcL variant eene was the same 

fV __ fi fructofuranosidase encoded by tne variant. s . 
^ "enzyme except that valine was subsumed for glycne 

at position 300, and lysine for histidine at position 313. 
« ,21 Production ofvariantG300V + H313Kbyyeast 

A 2 X BamHI DNA fragment including the variant gene was 
prepaid from plasmid P AN120 (G300V+H313K, by digests * w>th 
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BamHI, and inserted into the BamHI site of pY2831 (plasmid pYSUC 

(G300V+H313K)). . 

Plasmid pYSUC (G300V+H313K) was introduced in the yeast 
Saccharomyces cerevisiae MS-161 in the same manner as in Example 
m to proLe variant G300V+H313K. The culture supernatant 
exhibited a 0 -fructofuranosidase activity of 3.6 units/ml. 

(3) Evaluation of variant G300V+H3 13K 

The wild *pe enzyme and the variant G300V+H313K were 
evaluated using the yeast culture supernatant. After reaction in a 48 
wto/o sucrose solution, P H 7, at 40 ° C, the sugar exposition was 
Analyzed by HPLC. The sugar compositions (%) for the wild type and 
Z f variant when 1-kestose (GF2) yield was at maximum were as 
follows: 

F G GF GF2 GF3 GF4 
Wild type 0.4 22.3 20.5 45.1 11.3 0.3 

G300V+H313K 0.9 21.6 19.0 53.7 4.7 0.0 

These figures indicate that GF2 increases and GF3 decreases as 
a result of the substitution in G300V+H313K. _ 

Example __ D2: Construction and production of variant 

G300E+H313K ^ , 

(1) Nucleotide substitution in & -fructofuranosidase gene by 

site-specific mutation 
5 Site specific mutations were induced in the same manner .« 

Example m except that the DNA primers of SEQ ID Nos. 30 and 34 
as shown in the sequence listing were used to construct plasnud 

pAN120 (G300E+H313K). lf „AN19.n 
The result of sequencing for the inserted fragment of P AN120 
0 (G300E+H313K) confirmed that substitution occurred only m the 
Lgetlcleotidesandnootherpartofthesequence. In other words, 
* "Ltofuranosidase encoded by the variant gene was the same 
^ the Iri^nal enzyme except ft* glutamic acid was subsumed for 
riycine at position 300, and lysine for histidine at posmon 313. 
,^ (2 |ProductionofvariantG300E + H313Kbyyeast 

A 2 kbp BamHI DNA fragment including the variant gene was 
prepared from plasmid pAN120 (G300E+H313K) by digeshng * with 



BamH,, and inserted into *ie BamHl site of P Y 2 8 31 (pfasmid pVSUC 

(Q300E^H313K». R) was educed in the yeast 

Plasmui pYSUC sajne manne r as in Example 

Saccharomycescere^ae MS^ m ^ supema tant 

5 Dl to produce variant G300E+HJU , ln its/ml. 
edited a 0 -fructofuranosidase acUvi* -d £9 uruts/m 

(3) Evaluation of variant G300E-H313K 3R were 

The wild type enzyme and the variant fi 

10 wt% sucrose solution, P H , (0/ , for ^ wild type and 

SKEJZSS*- i — — 

follows: 

F G GF GF2 GF3 GF4 

15 o4 22 3 20.5 45.1 11.3 0.3 

WildtyP ' 12 22 0 19.3 52.8 4.7 0.0 

G300E+H313K 1.2 -W.u 

Theseri^esindicatethatG^ — andOPS decreases. 

G300D+H313K fructofuranosidase gene by 

(1) Nucleotide substitution in 0 -fructoiur 

site-specific mutation ; ndu ced in the same manner as in 

Site specific mutauon , were^uced in^ ^ ^ ^ ^ 

^1*: Ustinlwere used to construct plasmid 

pAN120(G300D + H313K). thp inserted fragment of pAN120 

The resutt of occTed only in the 

30 (G300D + H3131<) confirmed mat^bsh In 0(her words , 

target nucleotides and no other part ol ^ ^ ^ ^ 

as me origmal ^ -ept ^ ^ 313 

giycine at position 300 *ndy 13K by yeas t 

M T™ aSent including the variant gene was 
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BamHl, ^ .to the BamHI site - P^ 

(G300D+H313K)). introduced in the yeast 

Hasmid pYSUC (G300D « ^^erasinExample 
Saccharomyce S cerev I s ae MS 161 ^ supematant 

Dl to produce vanant G30 °°™ ^ of 4 . 3 units/ml. 
xhibiteda 13 -fructofuranosidase activity oi n 

(3 , Evaluation of vanant ^ 00 ° + ™ G300D+H 313K were 

The wild type enzyme and the van Afterreactio nina48 
ev^uatedustogtheyeast culture sup— ^ _ 

^ SU rr H ^ Thenar composes (%) for to wild type and 
analyzed by HPLC. The sug ar * maximum were as 

the variant when 1-kestose (GF2) yield w 



follows: 



F 



G G F GF2 GF3 GF4 

15 0 4 22.3 20.5 45.1 11-3 0.3 

Wild type u ^ 3 5 0 0 .0 

G300D+H313K 0.5 21.6 19.6 53.3 



F170W+G300W+H313K frU ctofuranosidase gene by 

(1) Nucleotide substitution » ***** ^ &e 

site-specUlc mutation Site DNA primers of SEQ 

25 same manner asin sequence Usting were used to 

^ZZZ^O (F i r O30 =lint ^ pMn2o 

The result of ^^^^Uto occurred only 
(F17 OW + G300W + H313K) ^^f^ ^ sequence. In other 
30 in to target nucleotides and n ^ variant gen e was the 

words, the 0 -f" ct0 ^° Slda ^ &at ^ptophan was substituted 
same as the original enzyme except ^ ;tion 30O. and 

for phenylalanine at portion 170 and gy 
lysine for histidine at position 313 ? W+H313K by yeast 

35 (2) Production of vanant F170 ™ ^ variant gene was 

A 2 kbp BamHI AN120 ^F^70W+G300W + H313K) by 

prepared from plasmid P AN120 pi 



R »mHI and inserted into the BamHI site of pY2831 

Plasmid pYSUC P ^ manner as 

«he yeast Saccharomyces cerevisiaeM „ W+H31 3K . The 

The wild type enzyme and ^^^^ ^ reaction in 
0 were evaluated using the yeast cul es ^ ^ ^ composi tion was 
a 48 wt% sucrose solution, pH , > ^ ^ and 

analysed by HPLC. -rhesug^po honsW ^ „ 

the variant when 1-kestose (GF2) yield 
follows: 

15 F G GF GF2 GF3 GF4 

0 4 22.3 20,5 45.1 11-3 0.3 

Wild type 

F170 W + G300W + H313K 3g QQ 

„• t that GF2 increases and GF3 decreases as 
20 These figures indicate rtia G ^ H313K . 

(4) Production of variant Fl /uw 

niger and its evaluation ir , rh idine the variant gene was 

A2k b P BarnHIDNAfra^e^mdu<tag +G3oow+H3i3K) fey 

25 prepared from ^™ d J™™ A ^ the BamHI site of pAN205 
digesting it with BamHI, and insert ^ 
,see Example CS) as shown » ^« 9 ^ HindlII to linearise, then 
Basmid pAN531 was "^^^MMeM (Sue', niaD). The 
us ed to transform the As P e ^lXas subjected to toe Southern 
30 chromosomal DNA of the tfan— ^ ^ ^ rf 
analysis, in order to select ™™ ot g . {ructo furanos.dase 

^irrh-xrrr— gous - - 

Next, to delete the vector DNA g 

potassium chlorate, 



* 



• 



~ n rvw KC1 0 01% FeS0 4 -7H a O and 
KsHPO, 0.05"/. form ! d 
X.5% agar). It "".""^ vecto r DNA as a res.lt of a 
colonies on the medium had , f ^ secondary 

secondary homologous ™ ffi0ter re gion as in the first 

5 recombination took place in .the samepro ft tQok place 

one , the transforms ^T^anSdase gene, the gene 

in the terminator region of Mtoe remain These 

encodm 6 meF170W+G300W+H313Kvanan ^ fey 

wo types of recombinants ^ ^ ent , the rauo between 
10 g-fmctofuranosidaseac^ty. ^ , dase ^ ^ 

chlorate-resistant straps ™* Southem ^ysis for the 

those without was 1:1- t ™ e ^ oneotUie variants which exhibited 
cHromosomalDNAextractedfrom-eofth ^ 

„ -fructofuranosidase acto ^'"!" r D NA was missing and the gene 
1S (Sue*, niaD), confirmed ^ J^ 1 ^ wa s inserted at the 
encoding the FX70WG3 00W + H3 Kv»» ^ chromosome . 
nation of the 0-fmctofuranos.da se g» fa „ 

Next, the Aspergillus niger NIA3W 1% 
enzyme production "^^^^O^NaCll-tM-Cto 
20 polype P ton,0.5%carboxy^eth^ceM denized, the 

3 days. After the myceha were e was roeasu red. 

„ .fructofuranosidase activity of to h ^ 
The activity was 25 units per 1 pH 7 , at a rate 

GF3. d enzy mology of variant 

(5) Preparation ana 
30 F 170W + G300W + H313K was dial yZ edwith20mM 
The homogenate prepared in (4) <*» DEAE Toyopearl 

Tris-HC, (PH 7.5, b^er solution ^ been equa)iz ed v*h 

650S CTosoh) column (1.6 X 18 en* Q ? 5) buffer 

the same buffer solution and elut* i ^ ^ 
3S solution with a linear gradient o ^ _ a Sephaciy i 

The coUected active fractxon • ' ^ elute d in 50 mM 

S-300 (Pharmacia) column (2.6 X 60 cm|, 



53 



10 



15 



• I u o n\ The collected active 
^ylarnine-acetate ^^^OO^miZK variant 
fraction was used ^ ^ ^de gel electrophoresis .the 
e^S ^Aout .0,000 Oa as a- 

pH, and stability to temperature ot ^ J idase . 
- S ^^-on-r and production - — 

F 170W + G300V + H313K . fruc tofuranosidase gene by 

( 1) Nucleotide substitution in f* mi 

33 as shown in the sequent 

P AN120 (FX70W+G300V+H3X3KV nt of pAN120 

The result of sequenong for the » OCCUJTed only 

^OW+GSOOV+HSISK, ot me sequence. In other 

to the target nucleoudes and _« . o^er P ^ was to 

words, the 0 -f~ctotoanos 1 dase encode ^ was substitute d 

— " T^at^on ^0^ glycine at position 300, 
for phenylalanine at pow 

lysine for histidine at ^ 3 ^^ +H3 13K by AspergUlus 
(2) Production of variant F1AJ w 

PAN517). ^^ted with Hindffi to linearize, then 

P Plasmid PAN517 was *8***™ ^ l602 (Sue", niaD) to 
used to transform the ^^f\ s ^ niaD) , in which the 

vector DNA was mlsSU ^ ^ ^ locata on of the 

F170 W + G300V + H313K variant was ^ ^ ^ ^ same 

3 .fructofuranosidase gene on the n 

manner as in Example Dll. cultivated in an 

Next, the Aspergillus niger NIAl/i 



20 



25 



30 



35 



10 



n7% malt extract, 1% 

enzyme production ^J^J^J&^W***-*** 
VO^^O^o^^^ mM the 
3 days. After the myceUa were * was measured . 

„ -fructofuranosidase acuvtty of tt* hem g^ ^ 
The activity was 45 umts per 1 ml 5 H 7 . 5 , at a rate 

homogenate was added to a ^^^^^^^^^^^^^ggLCtio^ at 40 * C for 24 
of2 .5unitsper Igof sucrose andmam^ ^ by 

hours. After the «^*L^T X L% sucrose, 55.7% GF2 
HPLC was 1.8% fructose, 22.3% tacreases and GF3 

^ 4 . 1% GF3. These ^^ttiTOW^SOOV.HSlSK. 
aecreasesasaresuitofmesub^on^^ rf ^ 

f3 \ preparation ana 



— 

F170 W + G300V + H313K ^ Q ^ 2 0 mM 

The homogenate prepared ™ (2^bo ^ ^ a 

Tris-HCl (PH 7.5) buffer ^soluhon ,*» s J ^ which ha d 
DEAE Toyopearl 650S rTosoh, ^ eluted in Tris-HC 

b een eoualized with the same buff r solu ^ ^ q ^ ^ mM c , 

(pH 7.5) buffer solution with a toe* ^ subjected to (applied 

concentration. The collected ^ x 60 cm,, and eluted 

20 to)aSephacrylS-300(Pharma^col^rm( H8Q) The 

J 50 mM trimethylacetate buffe ^ & purjfied 

coUected active frachon was ^ & ^ rf 

F17 0W + G300V + H313K vanant \ le ^bited a single 
SDS-polyacrylamide gel ^f^^ „ .fructofuranosidase. 



• 
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Sequence Listing 



<s=s 



SEQ ID No. 1 
Length: 635 
5 Type: amino acid 

Molecule type: protein 
Source 

Microorganism: Aspergillus niger ACE-2-1 (ATCC 20611) 
Feature of sequence 
10 Feature key: mat peptide 
Location: 1. . 635 
Identification method: 
Sequence 

Ser Tyr His Leu Asp Thr Thr\ Ala Pro Pro Pro Thr Asn Leu Ser Thr 

c \ 10 15 

15 1 5 \ 

Leu Pro Asn Asn Thr Leu Phe His Yal Trp Arg Pro Arg Ala His He 

20 \ 25 30 

Leu Pro Ala Glu Gly Gin lie GlV^Pro Cys Ala His Tyr Thr Asp 
35 A \ 45 

fai piy \ ne Leu His Asp Gly Asp Gly 

^ 60 

Asn L^u Mia Thr Tyr Thr Asp Thr Ser 
75 80 



20 Pro Ser Thr Gly Leu Phe His 
50 

lie Ala Gly Ala Thr Thr Al 
65 70 
Asp Asn Gly Ser Phe Leu \\ 
85 



25 



e Gin Pro\Gb Gly Lys Asn Asp Pro Yal 

95 

Ala Val Phe Asp Gly Ala Val lie Pro Y*l Gly Yal Asn Asn Thr Pro 

100 105 \ 110 

Thr Leu Leu Tyr Thr Ser Val Ser Phe Lc\ Pro lie His Trp Ser He 
115 120 \ 125 

30 Pro Tyr Thr Arg Gly Ser Glu Thr Gin Ser U Ala Val Ala Arg Asp 
130 135 \ 140 

Gly Gly Arg Arg Phe Asp Lys Leu Asp Gin Gl^ Pro Val He Ala Asp 

145 150 
His Pro Phe Ala Val Asp Val Thr Ala Phe ArgW Pro Phe Yal Phe 

165 170 \ 175 

Arg Ser Ala Lys Leu Asp Yal Leu Leu Ser Leu AsV Glu Glu Val Ala 
180 185 \ 190 



35 



i 



56 



GluThr Ala Val Gin Gin Ala Val ^ 
200 205 



215 



220 



Arg Asn 

Ma " Trp Tyr Va, «. Va", So, 0,v ... « «• •« « «' 

210 

5 pro Ala Gin Fhe 
225 
Gin 



10 



15 



20 



Lc „ ^ »« «.. a- «> c " »■ m - scr Gia f ;i; 

230 

250 

scrTrpcisAs ;; uG , yT1 , rTrp . : c,. g T,o, : c ; ,ne 

Thr Gly Glu Val Phc Val Thr Leu Gly Thr Glu Gly Scr 

295 

Ile tr . 0,. n. ».r Ser M * ^ 

310 315 
r:Va,G,,Va,GW3 CI G,»G, n G, U G,yMa L y S v a ,GUn : S, 

proScrMc ,MaG"pncU«,pT,pG,y W cSc t MaT, ; MaMa 
Auclvly ;;: uuProAU S, 3 s:MaVa,Se rL y ; - S e r G,y 

ft r c 360 

\ a cr Tvr Val Scr Phc Val Trp Leu Thr Gly Asp Gin 
Val Glu Val Asp Arg Tyr Val bcr 

375 

Thr Ala Gin Gin Gly Trp Thr Gly 

400 



370 



2 5 Tyr Glu Gin Ala Asp Gly Phc Pro 

390 

385 , uoi rin Thr Val Glu Asn Val 

scr Leu Uu Leu Pro Arg 0U Leu Lys Va Gin 

An r 410 

Va 1 ,P-OULe„Va,, S G 1 uG 1 uG,yVa 1 Ser T r P V ;i; a,G 1 y 

joa 425 



30 n"'"^"""^"'"' 

2 Thr Lys Ma Ma Uu Leu Ma A» «, Scr Va, Thr M. 

450 



Ala Arg 



35 



Glu Glu Asp Arg Thr Leu Gin Thr Ma Ma Val Val Pro Flic Ala GU 
465 



57 



scr Pr „ Us - PHc Va, U U ?; AU =,» U» 0,u P^r„ 

485 

Ma Scr Ma Arg Scr Scr Pro Leu Gin Scr Gly Phe Glu ^ CU 

505 

5 !° » Thr Ma He Tyr Tyr Gin Phe Ser Asn Glu Scr 
5 ser Glu Leu Glu Arg Thr Ala He iyr 

520 

Leu Val Val Asp Arg Scr Gin Thr Scr Ala Ala Ala Pro 

535 

530 „ Thr flu Ser Gly Lys Leu Arg Leu Phe Asp Val 

Gly Leu Asp Ser Phe Thr Glu Ser oiy ^ 

550 

10 r,cGluAs„C„C,nG,uG,„Va,G,uT h rUuAspUu m rVa,Va, 

565 

Va, A spAsuA,aVa,V„G,»Va,T,rA,aAs„G.,ArgP. A,aUu 

585 

15 Ser.rTrp 5 ;aArg S crTrpT.AspAsnScr W rG. : noArgP, 

rnc 600 



Phe 11 

"* Glu Gly Leu Tyr Asn Ala Trp Pro Glu Arg Asn 

20 625 



615 620 



SEQ ID No. I 
Length: 1905 
Type: Nucleic acid 
25 Strandedness: Double strand 

Topology: Linear 

Molecule type: Genomic DNA 

Source . „, ( « TCC 20611) 

Microorganism: Aspergillus mger ACE-2 1 (ATCC 

30 Feature of sequence 

Feature key: mat peptide 
Location: 1 1905 
Identification method: E 

,« — — — '■*• 



58 



10 



240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 



'-5J 

. 

vLi 

I CI 
In 



15 



20 



25 



CACGGGGAGG GCATCGCGGG GGCGACGAGG GGCAAGGTGG 

GATAACGGGA GCTTCCTGAT CCAGCCGGGC GGGAAGMCG AGG ™ ™ 
rrrrccCTCA TCCCCGTCGG CGTCAACAAC acccccacct tactctacac ctccgtctcc 
"a toagtggtc catccgctac acccggcgca gcgagaggca gtggttgg 
"g »™g gcgcttcgac aagctcgacc agggcgccgt catcgcc 
cl ccccncc cggtcgacgt caccgcgttg cgggatccgt ttgicttccg cagtgccaag 

TTGGATGTGC TCCTGTCGTT GGATGAGGAG GTGGCGCGGA ATGAGACGGC GGTGGAGCAG 
"g — GAAGAACGCC GC~ = — 
crrrmCG GGCCCGCGCA GTTCCTCTAC CGCCAGAACG GCGGGAACGC TTCCGAGTTC 
" ~ GGAGTGGTGG CAGGAGGCGA C = G = G 
...rvrTACTT GGGCCGGGCG CTGGGGGTTC AACTTCGAGA CGGGGAATGT GCTCTTCCTC 
ACCGAGGAGG G^ACCC CCAGACGGGC GAGGTGTTCG TCACCCTCGG CACGGAGGGG 
Tc™ CaTcGTGCC GCAGGTCTCC AGTATCCACG ATATGCTGTG GGCGGCGGGT 
rAGGTCGGGG totcagtga GCAGGAGGGT GGGAAGGTCG AGTTGTCGGC GTCCATGGGG 1 
"a ACTGGCGGTT CAGCGCCTAC GCTGCGGCGG GCAAGGTGCT GCCGGCCAGC 

= = == = = = 

rrrrTGCGCG AGGAGGGCGT GTCGTGGGTG GTGGGGGAGT CGGACAACCA GACGGCCAGG 10 
" ^TCAC GATCGCCCGG GAGACCAAGG CGGCCCTGCT GGCCAACGGC 
Z - CGGAGGAGGA CCGCACGCTG CAGACGGCGG — „ 
TfGCCGAGCT CCAAGTTCTT CGTGCTGACG GCCCAGCTGG AGTTCCCCGC GAGCGCGCGC 
TCGTCCCCGC CaGTCCGG GTTCGAAATC CTGGCGTCGG AGCTGGAGCG CACGGCCATC IB 0 
S£ ™ga gtcgctggtc GTCGACCGCA GCCAGACTAG TGCGGCGGCG 16 0 
rZcrZ CCGGGCTGGA TAGCTTTACT GAGTCCGGCA AGTTGCGGTT GTTCGACGTG 1680 
~ ^ GGTCGAGACG TTGGATCTCA C_T ~ »« 
GTTGTCGAGG TGTATGCCAA CGGGCGCTTT GCGTTGAGCA CCTGGGCGAG ATCGTGGTAC 800 
GACAACTCCA CCCAGATCCG CTTCnCCAC AACGGCGAGG GCGAGGTGCA GTTCAGGAAT 60 
GTCTCCGTGT CGGAGGGGCT CTATAACGCC TGGCCGGAGA GAAAT 



30 



35 



SEQ ID No. 3 
Length: 20 
Type: amino acid 
Topology: Linear 
Molecule type: peptide 

Fragment type: internal fragment 

Source 



59 

Microorganism: Aspergillus niger ACE-2-1 (ATCC 20611) 
Lcu qU A e sp C Gln Gly Pro Va. lie Ala Asp His Pro Phc Ala Val Asp Val 



15 



, 5 >0 

5 Thr Ala Phc Arg 
20 

SEQ ID No. 4 
Length: 20 
10 Type: amino acid 

Topology: Linear 

Molecule type: peptide 

Fragment type: internal fragment 

15 'Icroorganism: Aspergillus niger ACE-2-1 (ATCC 20611) 

Sequence 

Val Glu Phe Ser Pro Ser Met Ala Gly Phe Leu Asp Trp Gly Phc Ser 



10 



15 



1 5 
Ala Tyr Ala Ala 
20 20 

SEQ ID No. 5 
Length: 20 
Type: amino acid 
25 Topology: Linear 

Molecule type: peptide 

Fragment type: internal fragment 

Source 

Microorganism: Aspergillus niger ACE-2-1 (ATCC 20611) 
30 Va? U Gln C Thr Va, Glu Asn Val Va, Asp Asn Glu Leu Val Ar g Glu Glu 



1 5 
Gly Val Ser Trp 
20 



10 



15 



35 

SEQ ID No. 6 
Length: 20 



60 

Type: amino acid 
Topology: Linear 
Molecule type: peptide 
Fragment type: internal fragment 

5 Microorganism: Aspergillus niger ACE-2-1 20611) 

"1 Leu Ma Xaa Gly Ser Va. Thr Ma 61. Gl. Asp Are T h r 

10 Leu Gin Thr Ma 
20 



SEQ ID No. 7 
Length: 6 
15 Type: amino acid 

Topology: Linear 

Molecule type: peptide 

Fragment type: N-terminal fragment 

'Icroorganism: Aspergillus niger ACE-2-1 (ATCC 20611) 



20 



Sequence 

Ser Tyr His Leu Asp Thr 
1 5 



25 SEQ ID No. 8 
Length: 20 
Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 

30 Sequence 

ATCGCSG/VYC AYCCSTTYGC 20 



SEQ ID NO. 9 

Length: 20 
35 Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 



61 



10 



P 

C 5 15 Sequence 



-■"-4 



Sequence 

TCRTTRTCSA CSACRTTYTC 20 
SEQ ID NO. 10 

Length: 788 

Type: Nucleic acid 

Strandedness: Duble strand 

Topology: Linear 

Source 

Microorganism: Aspergillus niger ACE-2-1 (ATCC 20611) 
Feature of sequence 
Feature key: P CDSCpartial amino acid sequence) 

Location: 1.. 788 
Identification method: E 



ATC GCC GAC CAC CCC TTC GCC GTC GAC GTC ACC GCC TTC CGC GAT CCG 
He Ala Asp His Pro Phc Ala Val Asp Val Thr Ala Phe Arg Asp Pro 



W ■ i 5 10 15 



TTT GTC TTC CGC AGT GCC AAG TTG GAT GTG CTG CTG TCG TTG GAT GAG 
20 Phc Val Phc Arg Scr Ala Lys Leu Asp Val Leu Leu Ser Leu Asp Glu 
20 25 30 

GAG GTG GCG CGG AAT GAG ACG GCC GTG CAG CAG GCC GTC GAT GGC TGG 
Glu Val Ala Arg Asn Glu Thr Ala Val Gin Gin Ala Val Asp Gly Trp 
35 40 45 

25 ACC GAG AAG AAC GCC CCC TGG TAT GTC GCG GTC TCT GGC GGG GTG CAC 
Thr Glu Lys Asn Ala Pro Trp Tyr Val Ala Val Ser Gly Gly Val His 

50 55 60 

GGC GTC GGG CCC GCG CAG TTC CTC TAC CGC CAG AAC GGC GGG AAC GCT 
Gly Val Gly Pro Ala Gin Phe Leu Tyr Arg Gin Asn Gly Gly Asn Ala 

™ 80 
30 65 70 

TCC GAG TTC CAG TAC TGG GAG TAC CTC GGG GAG TGG TGG CAG GAG GCG 
Ser Glu Phe Gin Tyr Trp Glu Tyr Leu Gly Glu Trp Trp Gin Glu Ala 

85 90 95 

ACC AAC TCC AGC TGG GGC GAC GAG GGC ACC TGG GCC GGG CGC TGG GGG 
35 Thr Asn Scr Ser Trp Gly Asp Glu Gly Thr Trp Ala Gly Arg Trp Gly 
100 105 HO 



48 



96 



144 



192 



240 



288 



336 



15 



62 

TTC AAC TTC GAG ACG GGG AAT GTG CTC TTC CTC ACC GAG GAG GGC CAT 384 
Phe Asn Phc Glu Thr Gly Asn Val Leu Phe Leu Thr Glu Glu Gly His 

115 120 »25 

GAC CCC CAG ACG GGC GAG GTG TTC GTC ACC CTC GGC ACG GAG GGG TCT 432 
5 Asp Pro Gin Thr Gly Glu Val Phe Val Thr Leu Gly Thr Glu Gly Ser 
130 135 140 

GGC CTG CCA ATC GTG CCG CAG GTC TCC AGT ATC CAC GAT ATG CTG TGG 480 
Gly Leu Pro He Val Pro Gin Val Ser Scr He His Asp Met Leu Trp 
145 150 155 160 

10 GCG GCG GGT GAG GTC GGG GTG GGC AGT GAG CAG GAG GGT GCC AAG GTC 528 
Ala Ala Gly Glu Val Gly Val Gly Ser Glu Gin Glu Gly Ala Lys Val 

165 HO 175 

GAG TTC TCC CCC TCC ATG GCC GGG TTT CTG GAC TGG GGG TTC AGC GCC 576 
Glu Phc Ser Pro Ser Met Ala Gly Phe Leu Asp Trp Gly Phc Ser Ala 

180 185 190 

TAC GCT GCG GCG GGC AAG GTG CTG CCG GCC AGC TCG GCG GTG TCG AAG 624 
Tyr Ala Ala Ala Gly Lys Val Leu Pro Ala Scr Ser Ala Val Ser Lys 

195 200 205 

ACC AGC GGC GTG GAG GTG GAT CGG TAT GTC TCG TTC GTC TGG TTG ACG 672 
20 Thr Ser Gly Yal Glu Val Asp Arg Tyr Val Ser Phe Val Trp Leu Thr 
210 215 220 

GGC GAC CAG TAC GAG CAG GCG GAC GGG TTC CCC ACG GCC CAG CAG GGG 720 
Gly Asp Gin Tyr Glu Gin Ala Asp Gly Phe Pro Thr Ala Gin Gin Gly 
225 230 235 240 

25 TGG ACG GGG TCG CTG CTG CTG CCG CGC GAG CTG AAG GTG CAG ACG GTG 768 
Trp Thr Gly Ser Leu Leu Leu Pro Arg Glu Leu Lys Val Gin Thr Val 

245 250 255 

GAG AAC GTC GTC GAC AAC GA 
Glu Asn Val Val Asp Asn 
30 260 

SEQ ID No. 11 
Length: 565 
Type: amino acid 
35 Molecule type: protein 
Source 

Microorganism: PcniciUium roqueforti IAM7254 



788 



63 

Feature of sequence 
Feature key: mat peptide 
Locat ion: 1. . 565 
Identification method: E 

5 Sequence 

Val Asp Phe His Thr Pro He Asp Tyr Asn Ser Ala Pro Pro Asn Leu 
,5 10 15 

Ser Thr Leu Ala Asn Ala Ser Leu Phe Lys Thr Trp Arg Pro Arg Ala 
20 25 30 

10 His Leu Leu Pro Pro Ser Gly Asn He Gly Asp Pro Cys Gly His Tyr 
35 40 45 

Thr Asp Pro Lys Thr Gly Leu Phe His Val Gly Trp Leu Tyr Ser Gly 



50 



55 



60 



I,c Ser Gly Ala Thr Thr Asp Asp Leu Val Thr Tyr Lys Asp Leu Asn 
15 65 70 75 80 

Pro Asp Gly Ala Pro Ser He Val Ala Gly Gly Lys Asn Asp Pro Leu 

85 9° 95 

Ser Val Phe Asp Gly Ser Val He Pro Ser Gly He Asp Gly Mel Pro 
,00 105 110 

20 Thr Leu Leu Tyr Thr Ser Val Ser Tyr Leu Pro He His Trp Ser lie 



115 



120 



125 



Pro Tyr Thr Arg Gly Ser Glu Thr Gin Ser Leu Ala Val Ser Tyr Asp 

130 135 140 

Gly Gly His Asn Phe Thr Lys Leu Asn Gin Gly Pro Val He Pro Thr 

155 I 60 



25 145 150 



170 n5 



Pro Pro Phe Ala Leu Asn Val Thr Ala Phe Arg Asp Pro Tyr Val Phe 

Gin Ser Pro 

30 Tyr Val Ala He Ser Gly Gly Val His Gly Val Gly Pro Cys Gin Phe 



165 

He Leu Asp Lys Ser Val Asn Scr Thr Gin Gly Thr Trp 
,80 185 190 



,95 200 205 



Leu Tyr Arg 



Gin Asn Asp Ala Asp Phe Gin Tyr Trp Glu Tyr Leu Gly 



215 220 



210 

Gin Trp Trp Lys Glu Pro Leu Asn Thr Thr Trp Gly Lys Gly Asp Trp 
35 225 230 235 240 

Ala Gly Gly Trp Gly Phe Asn Phe Glu Val Gly Asn Val Phe Ser Leu 
245 250 255 



64 



Asn Ala Glu Gly Tyr Ser Glu Asp Gly Glu lie Phc lie Thr Leu G.y 



260 



265 



270 



Ala Glu Gly Ser Gly Leu Pro lie Val Pro Gin Va. Ser Ser He Arg 



275 



280 



285 



5 Asp Mel Leu Trp Val Thr Gly Asn Val Thr Asn Asp Gly Ser Val Thr 



290 



295 



300 



Phc Lys Pro Thr Met Ala Gly Val Leu Asp Trp Gly Val Ser Ala Tyr 



305 



310 



315 



320 



Ala Ala Ala Gly Lys lie Leu Pro Ala Ser Ser Gin Ala Ser Thr Lys 



10 



325 



330 



335 



Scr Gly Ala Pro Asp Arg Phe lie Ser Tyr Va. Trp Leu Thr Gly Asp 



340 



345 



350 



Leu Phe Glu Gin Val Lys Gly Phe Pro Thr Ala Gin Gin Asn Trp Thr 



355 



360 



365 



15 Gly Ala Leu Leu Leu Pro Arg Glu Leu Asn Val Arg Thr He Ser Asn 



370 



375 



380 



Val Val Asp Asn Glu Leu Ser Arg Glu Ser Leu Thr Ser Trp Arg Val 



385 



390 



395 



400 



Ala Arg Glu Asp Ser Gly Gin He As P Leu Glu Thr Mel Gly He Ser 

410 415 



20 



405 



He Ser Arg Glu Thr Tyr Ser Ala Leu Thr Ser Gly Ser Ser Phe Val 

420 425 «0 

Glu Ser Gly Lys Thr Leu Ser Asn Ala Gly Ala Val Pro Phe Asn Thr 
435 440 445 

25 Ser Pro Ser Ser Lys Phe Phe Val Leu Thr Ala Asn He Ser Phe Pro 
450 455 460 

Thr Ser Ala Arg Asp Ser Gly He Gin Ala Gly Phe Gin Val Leu Ser 
465 

Ser Ser Leu Glu Ser Thr Thr He Tyr Tyr Gin Phe Ser Asn Glu Ser 
485 490 



495 



30 



He lie Val Asp Arg Ser Asn Thr Ser Ala Ala Ala Arg Thr Thr Ala 



500 



505 



510 



Cl» lie Leu Scr Asp Asn Glu Ala Gly Arg Leu Arg Leu Phe Asp Val 

520 525 



515 

35 Leu Arg Asn 
530 



Gly Lys Glu Gin Val Glu Thr Leu Glu Leu Thr He Val 
535 5 40 



65 



Yal Asp Asn Ser Val Leu Glu Yal Tyr Ala Asn Gly Arg Phc Ala Leu 



545 

Gly Thr Trp Ala Arg 

565 



550 555 560 



SEQ ID No. 12 
Length: 1695 
Type: Nucleic acid 
Strandedness: Duble strand 
10 Topology: Linear 

Molecule type: Genomic DNA 
Source 

Microorganism: Penicillium roqueforti IAM7Z54 
p Feature of sequence 

5 15 Feature key: mat peptide 
*J Location: 1. . 1695 

J| Identification method: E 



20 



25 



Scquchc c 

GTTGATTTCC ATACCCCGAT TGACTATAAC TCGGCTCCGC CAAACCTTTC TACCCTGGCA 
AACGCATCTC TTTTCAAGAC ATGGAGACCC AGAGCCCATC TTCTCCCTCC ATCTGGGAAC 
ATAGGCGACC CGTGCGGGCA CTATACCGAT CCCAAGACTG GTCTCTTCCA CGTGGGTTGG 
CTTTACAGTG GGATTTCGGG AGCGACAACC GACGATCTCG TTACCTATAA AGACCTCAAT 
CCCGATGGAG CCCCGTCAAT TGTTGCAGGA GGAAAGAACG ACCCTCTTTC TGTCTTCGAT 
GGCTCGGTCA TTCCAAGCGG TATAGACGGC ATGCCAACTC TTCTGTATAC CTCTGTATCA 
TACCTCCCAA TCCACTGGTC CATCCCCTAC ACCCGGGGAA GCGAGACACA ATCCTTGGCC 
GTTTCCTATG ACGGTGGTCA CAACTTCACC AAGCTCAACC AAGGGCCCGT GATCCCTACG 
CCTCCGTTTG CTCTCAATGT CACCGCTTTC CGTGACCCCT ACGTTTTCCA AAGCCCAATT 
CTGGACAAAT CTGTCAATAG TACCCAAGGA ACATGGTATG TCGCCATATC TGGCGGTGTC 
CACGGTGTCG GACCTTGTCA GTTCCTCTAC CGTCAGAACG ACGCAGATTT TCAATATTGG 
GAATATCTCG GGCAATGGTG GAAGGAGCCC CTTAATACCA CTTGGGGAAA GGGTGACTGG 
GCCGGGGGTT GGGGCTTCAA CTTTGAGGTT GGCAACGTCT TTAGTCTGAA TGCAGAGGGG 
TATAGTGAAG ACGGCGAGAT ATTCATAACC CTCGGTGCTG AGGGTTCGGG ACTTCCCATC 
GTTCCTCAAG TCTCCTCTAT TCGCGATATG CTGTGGGTGA CCGGCAATGT CACAAATGAC 
GGCTCTGTCA CTTTCAAGCC AACCATGGCG GGTGTGCTTG ACTGGGGCGT GTCGGCATAT 
35 GCTGCTGCAG GCAAGATCTT GCCGGCCAGC TCTCAGGCAT CCACAAAGAG CGGTGCCCCC 
GATCGGTTCA TTTCCTATGT CTGGCTCACT GGAGATCTAT TCGAGCAAGT GAAAGGATTC 
CCTACCGCTC AACAAAACTG GACCGGGGCC CTCTTACTGC CGCGAGAGCT GAATGTCCGC 



30 



180 
240 
300 
360 

420 * 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
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ACTATCTCTA ACCTGGTGGA TAACGAACTT TCGCGTGAGT CCTTGACATC GTGGCGCGTG I1N 
GCCCGCGAAG ACTCTGGTCA GATCGACCTT GAAACAATGG GAATCTCAAT TTCC«A 
ACTTACAGCG CTCTCACATC CCGCTCATCT TTTGTCGAGT CTGGTAAAAC A 
rrTCTAGCAG TGCCCTTCAA TACCTCACCC TCAAGCAAGT TCTTCGTGCT GACACCAAAT 1380 
, A™ CCGTGACTCT GGCATCCAGG CTGGTTTCCA GGTTTTATCC .44. 

5 "g AGTCTACAAC TATCTACTAC CAATTCTCCA ACGAGTCCAT CATCGTCGAC 1500 
C GCAAGA CGAGTGCTGC GGCGAGAACA ACTGCTGGGA TC = TAACGA 
rrmrrTCC GCCTCTTCGA CGTGTTGCGA AATGGAAAAG AACAGGTTGA AACTTTGGAG 1620 

a" tggItaa TAGTGTACTG gaagtatatg ccaatggacg ctttgctcta ,eso 

10 GGCACTTGGG CTCGG 

SEQ ID No. 13 
Length: 574 
Type: amino acid 
15 Molecule type: protein 

^mc'roorganism: Scopulariopsis brevicaulis 1F04843 
Feature of sequence 
Feature key: mat peptide 
20 Location: 1. . 574 

Identification method: E 

Sequence n . 

Gln Pro Thr Scr Leu Ser lie Asp Asn Scr Thr Tyr Pro Scr He Asp 

! 5 10 15 

25 Tvr Asn Ser Ala Pro Pro Asn Leu Scr Thr Leu Ala Asn Asn Ser Leu 



20 



25 



30 



Phc Gl 



u Thr Trp Arg Pro Arg Ala His Val Leu Pro Pro Gin Asn Gin 

40 45 



He Cly Asp Pro Cys Mel His Tyr Thr Asp Pro Glu Thr Gly He Phe 

\Q 50 55 60 

His Val Gly Trp Leu Tyr Asn Gly Asn Gly Ala Ser Gly Ala Thr Thr 

65 70 " 

Glu Asp Leu Val Thr Tyr Gin Asp Leu Asn Pro Asp Gly Ala Gin Mel 

85 90 95 

35 „e Leu Pro Cly Gly Val Asn Asp Pro lie Ala Val Phe Asp Gly Ala 



100 



105 



110 
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Val He Pro Ser Gly He Asp Gly Lys Pro Thr Met Mcl Tyr 

.,, 120 1Zb 

, al Ser Tyr Mcl Pro lie Scr Trp Ser He Ala Tyr Thr Arg Gly 

135 1 
5 Glu Thr His Ser Leu Ala Val Scr Ser Asp Gly Gly Lys Asn Phe Thr 

150 

Z Leu Va, Gin Gly Pro Va, He Pro Ser Pro Pro Phe Gly M, Asn 

165 ^ 
. a lcn Prn Phe Leu Phe Gin Asn Pro Gin Phc Asp 
Val Thr Ser Trp Arg Asp Pro Phe Leu ^ 

180 

10 ser Leu Leu Glu Ser Glu Asn Gly Thr Trp Tyr Thr Val 



195 



200 



20 



215 

® T ph rin Tvr Trp Glu Tyr Leu Gly Pro Trp Trp Asn Glu Glu 

*B 15 Pro Asp Phe Gin Tyr lrp uiu y ^ 

230 

«, As„ Ser Thr Trp G„ Ser Gly Asp Trp AU G.y Are Trp Gly Tyr 

245 ^ 
AsnP hcC,uValllcAsullcVa, Gly Leu Asp Asp Asp G.y Tyr Asu 

265 

Pro Asp Gly G^u 11c Phc Ala Thr Val G„ Thr Glu TrP Scr Phe Asp 

280 

Pr0 „c "I Pro Gln Ala Scr Asp Asn Ar 8 Glu Me. Leu Trp Ala Ala 

295 

290 k tu ivq Php Thr Pro Ser Mel 

25 Gly Asn Mcl Thr Leu Glu Asp Gly Asp He Lys Phe 

310 

AU Gly Tyr Leu Asp Trp Gly Leu Ser Ala Tyr Ala Ala AU Gly Lys 

325 330 . 

., .„ Ser Lys p r o Ser Gin Lys Ser Gly AU Pro Asp 
Glu Leu Pro AU Ser Ser Lys rro o 

■540 3 ^ 

. i -n,r riv Asn Tvr Phe Glu Gly His 
Arg Phe Val Ser Tyr Leu Trp Leu Thr Gly Asp Tyr 

360 Jb& 

375 

370 , < Vil Civ Thr He Pro Asn Val Val Asp Asn Glu Leu 

35 Arg Glu Leu Ser Val Gly Thr m 



30 



385 



390 



395 
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# 



Ala Arg Glu Thr Gly Scr Trp Arg Val Gly Thr Asn Asp Thr Gly Val 

405 410 415 

Leu Glu Leu Val Thr Leu Lys Gin Glu He Ala Arg Glu Thr Leu Ala 
420 425 430 

5 Glu Met Thr Scr Gly Asn Ser Phe Thr Glu Ala Ser Arg Asn Val Scr 
435 440 445 

Scr Pro Gly Scr Thr Ala Phe Gin Gin Ser Leu Asp Scr Lys Phe Phc 

450 455 460 

Val Leu Thr Ala Ser Leu Scr Phe Pro Scr Scr Ala Arg Asp Ser Asp 

Ann 475 480 

10 465 470 

Leu Lys Ala Gly Phe Glu He Leu Scr Scr Glu Phc Glu Ser Thr Thr 

485 490 495 

Val Tyr Tyr Gin Phc Scr Asn Glu Scr He He He Asp Arg Scr Asn 
500 505 510 

15 Scr Scr Ala Ala Ala Leu Thr Thr Asp Gly He Asp Thr Arg Asn Glu 
515 520 525 

Phe Gly Lys Met Arg Leu Phe Asp Yal Val Glu Gly Asp Gin Glu Arg 

530 535 540 

lie Glu Thr Leu Asp Leu Thr He Val Val Asp Asn Scr lie Val Glu 
20 545 550 555 560 

Val His Ala Asn Gly Arg Phe Ala Leu Ser Thr Trp Val Arg 
565 570 



SEQ ID No. 14 
25 Length: 1722 

Type: Nucleic acid 

Strandedness: Duble strand 

Topology: Linear 

Molecule type: Genomic DNA. 
30 Source 

Microorganism: Scopulariopsis brevicaulis IF04843 
Feature of sequence 
Feature key: mat peptide 
Location: 1. . 1722 
35 Identification method: E 
Sequence 

CAACCTACGT CTCTGTCAAT CGACAATTCC ACGTATCCTT CTATCGACTA CAACTCCGCC 



69 

CCTCCAAACC TCTCGACTCT TGCCAACAAC AGCCTCTTCG AGACATGGAG GCCGAGGGCA 120 

CACGTCCTTC CGCCCCAGAA CCAGATCGGC GATCCGTGTA TGCACTACAC CGACCCCGAG 180 

ACAGGAATCT TCCACGTCGG CTGGCTGTAC AACGGCAATG GCGCTTCCGG CGCCACGACC 240 

GAGGATCTCG TCACCTATCA GGATCTCAAC CCCGACGGAG CGCAGATGAT CCTTCCGGGT 300 

5 GGTGTGAATG ACCCCATTGC TGTCTTTGAC GGCGCGGTTA TTCCCAGTGG CATTGATGGG 360 

AAACCCACCA TGATGTATAC CTCGGTGTCA TACATGCCCA TCTCCTGGAG CATCGCTTAC 420 

ACCAGGGGAA GCGAGACCCA CTCTCTCGCA GTGTCGTCCG ACGGCGGTAA GAACTTCACC 480 

AAGCTGGTGC AGGGCCCCGT CATTCCTTCG CCTCCCTTCG GCGCCAACGT GACCAGCTGG 540 

CGTGACCCCT TCCTGTTCCA AAACCCCCAG TTCGACTCTC TCCTCGAAAG CGAGAACGGC 600 

10 ACGTGGTACA CCGTTATCTC TGGTGGCATC CACGGTGACG GCCCCTCCGC GTTCCTCTAC 660 

CGTCAGCACG ACCCCGACTT CCAGTACTGG GAGTACCTTG GACCGTGGTG GAACGAGGAA 720 

GGGAACTCGA CCTGGGGCAG CGGTGACTGG GCTGGCCGGT GGGGCTACAA CTTCGAGGTC 780 

ATCAACATTG TCGGTCTTGA CGATGATGGC TACAACCCCG ACGGTGAAAT CTTTGCCACG 840 

S3 GTAGGTACCG AATGGTCGTT TGACCCCATC AAACCGCAGG CCTCGGACAA CAGGGAGATG 900 

| 15 CTCTGGGCCG CGGGCAACAT GACTCTCGAG GACGGCGATA TCAAGTTCAC GCCAAGCATG 960 

I GCGGGCTACC TCGACTGGGG TCTATCGGCG TATGCCGCCG CTGGCAAGGA GCTGCCCGCT 1020 

IU TCTTCAAAGC CTTCGCAGAA GAGCGGTGCG CCGGACCGGT TCGTGTCGTA CCTGTGGCTC 1080 

I ACCGGTGACT ACTTCGAGGG CCACGACTTC CCCACCCCGC AGCAGAATTG GACCGGCTCG 1140 

! M CTTTTGCTTC CGCGTGAGCT GAGCGTCGGG ACGATTCCCA ACGTTGTCGA CAACGAGCTT 1200 

!l 20 GCTCGCGAGA CGGGCTCTTG GAGGGTTGGC ACCAACGACA CTGGCGTGCT TGAGCTGGTC 1260 

fU ACTCTGAAGC AGGAGATTGC TCGCGAGACG CTGGCTGAAA TGACCAGCGG CAACTCCTTC 1320 

U ACCGAGGCGA GCAGGAATGT CAGCTCGCCC GGATCTACCG CCTTCCAGCA GTCCCTGGAT 1380 

U TCCAAGTTCT TCGTCCTGAC CGCCTCGCTC TCCTTCCCTT CGTCGGCTCG CGACTCCGAC 1440 

CTCAAGGCTG GTTTCGAGAT CCTGTCGTCC GAGTTTGAGT CGACCACGGT CTACTACCAG 1500 

25 TTTTCCAACG AGTCCATCAT CATTGACCGG AGCAACTCGA GTGCTGCCGC CTTGACTACC 1560 

GATGGAATCG ACACCCGCAA CGAGTTTGGC AAGATGCGCC TGTTTGATGT TGTCGAGGGT 1620 

GACCAGGAGC GTATCGAGAC GCTCGATCTC ACTATTGTGG TTGATAACTC GATCGTTGAG 1680 
GTTCATGCCA ACGGGCGATT CGCTCTGAGC ACTTGGGTTC GG 1722 

30 SEQ ID No. 15 
Length: 28 
Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 

35 Sequence 

GCGAATTCCA ATGAAGCTCA CCACTACC 28 



SEQ ID No. 16 
Length: 24 
Type: Nucleic acid 
Topology: Linear 
5 Molecule type: Synthetic DNA 

Sequence 

GCGGATCCCG GTCAATTTCT CTCC 24 

SEQ ID No. 17 
10 Length: 19 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 
15 GACTGACCGG TGTTCATCC 

SEQ ID No. 18 
Length: 20 
Type: Nucleic acid 
20 Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 

CTCGGTTGTC ATAGATGTGG 

25 SEQ ID No. 19 
Length: 24 
Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 

30 Sequence 

CAATCCAGGA GGATCCCAAT GAAG 

SEQ ID No. 20 
Length: 22 
35 Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 



Sequence 

TGACCGGGAT CCGGGCATGC AG 



SEQ ID NO. 21 

5 Length: 24 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 
10 CGCGTCGTCT AGAGGTTGTC ACTT 

SEQ ID No. 22 
Length: 21 
Type: Nucleic acid 
15 Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 

CCCTATTGGG GTCCATGGCC C 

20 SEQ ID No. 23 
Length: 22 
Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 

25 Sequence 

CAACTGCTGG CATCCTCAGT GA 



SEQ ID No. 24 
30 Length: 30 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 

35 GCGGATCCAT GAAGCTATCA AATGCAATCA 
SEQ ID No. 25 



72 



Length: 26 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

5 Sequence 

GCGGATCCTT ACCGAGCCCA AGTGCC 

SEQ ID No. 26 
Length: 27 
10 Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA 

Sequence 

GCGGATCCAA TGAAGCTCAC CACTACC 

5 15 0 

^ SEQ ID No. 27 

l| Length: 24 

\*i Type: Nucleic acid 

In Topology: Linear 

«" 20 Molecule type: Synthetic DNA 

8 ..5. 

ja Sequence 

|U GCGGATCCCG GTCAATTTCT CTCC 

13 

I* SEQ ID No. 28 

25 Length: 21 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 
30 GTCACCGCCT GGCGCGATCC G 

SEQ ID No. 29 
Length: 19 
Type: Nucleic acid 
35 Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 



GGCACGGAGT GGTCTGGCC 



SEQ ID No. 30 
Length: 24 
5 Type: Nucleic acid 
Topology: Linear 
Molecule type: Synthetic DNA • 

Sequence 

CTCCAGTATC AAGGATATGC TGTG 

10 

SEQ ID No. 31 
Length: 20 
Type: Nucleic acid 
Topology: Linear 
15 Molecule type: Synthetic DNA 

Sequence 

CGACCAGTAC AAGCAGGCGG 

SEQ ID No. 32 
20 Length: 21 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 
25 TCCAGTATCC GCGATATGCT G 

SEQ ID No. 33 
Length: 23 
Type: Nucleic acid 
30 Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 

CGGCACGGAG GTTTCTGGCC TGC 

35 SEQ ID No. 34 
Length: 23 
Type: Nucleic acid 



Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 

CGGCACGGAG GAGTCTGGCC TGC 

SEQ ID No. 35 

Length: 23 

Type: Nucleic acid 

Topology: Linear 

Molecule type: Synthetic DNA 

Sequence 

CGGCACGGAG GATTCTGGCC TGC 



